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NOVEL COMPOSITIONS AND METHODS FOR CANCER 

The present application is a continuing application of U.S.S.N.s 09/747,377, filed December 
22, 2000 and 09/798,586, filed March 2, 2001, and applications entitled Novel Compositions 
and Methods for Cancer filed October 23, 2001, November 8, 2001, November 30, 2001, and 
December 20, 2001, all of which are expressly incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to novel sequences for use in diagnosis and treatment of 
cancer, especially carcinomas, as well as the use of the novel compositions in screening 
methods. 

BACKGROUND OF THE INVENTION 

Oncogenes are genes that can cause cancer. Carcinogenesis can occur by a wide variety of 
mechanisms, including infection of cells by viruses containing oncogenes, activation of 
protooncogenes in the host genome, and mutations of protooncogenes and tumor suppressor 
genes. 

There are a number of viruses known to be involved in human cancer as well as in animal 
cancer. Of particular interest here are viruses that do not contain oncogenes themselves; 
these are slow-transforming retroviruses. They induce tumors by integrating into the host 
genome.and affecting neighboring protooncogenes in a variety of ways, including promoter 
insertion, enhancer insertion, and/or truncation of a protooncogene or tumor suppressor gene. 
The analysis of sequences at or near the insertion sites led to the identification of a number of 
new protooncogenes. 

With respect to lymphoma and leukemia, murine leukemia retrovirus (MuLV), such as SL3-3 
or Akv, is a potent inducer of tumors when inoculated into susceptible newborn mice, or when 
carried in the germline. A number of sequences have been identified as relevant in the 
induction of lymphoma and leukemia by analyzing the insertion sites; see Sorensen et al. f J. 
of Virology 74:2161 (2000); Hansen et al., Genome Res. 10(2):237-43 (2000); Sorensen et 
al., J. Virology 70:4063 (1996); Sorensen et al., J. Virology 67:71 18 (1993); Joosten et al., 
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Virology 268:308 (2000); and Li et al., Nature Genetics 23:348 (1999); all of which are 
expressly incorporated by reference herein. 

Lymphomas are a collection of cancers involving the lymphatic system and are generally 
5 categorized as Hodgkin's disease and Non-Hodgkin lymphoma. Hodgkin's lymphomas are of 
B lymphocyte origin. Non-Hodgkin lymphomas are a collection of over 30 different types of 
cancers including T and B lymphomas. Leukemia is a disease of the blood forming tissues 
and includes B and T cell lymphocytic leukemias. It is characterized by an abnormal and 
persistent increase in the number of leukocytes and the amount of bone marrow, with 
10 enlargement of the spleen and lymph nodes. 

Breast cancer is one of the most significant diseases that affects women. At the current rate, 
American women have a 1 in 8 risk of developing breast cancer by age 95 (American Cancer 
Society, 1992). Treatment of breast cancer at later stages lis often futile and disfiguring, 
15 making early detection a high priority in medical management of the disease. 

Accordingly, it is an object of the invention to provide sequences involved in cancer and in 
particular in oncogenesis. 

20 

SUMMARY OF THE INVENTION 

In accordance with the objects outlined above, the present invention provides methods for 
screening for compositions which modulate carcinomas, especially lymphoma and leukemia. 
25 Also provided herein are methods of inhibiting proliferation of a cell, preferably a lymphoma 
cell. Methods of treatment of carcinomas, including diagnosis, are also provided herein. 

In one aspect, a method of screening drug candidates comprises providing a cell that 
expresses a carcinoma associated (CA) gene or fragments thereof. Preferred embodiments 

30 of CA genes are genes which are differentially expressed in cancer cells, preferably 
lymphatic, breast, prostate or epithelial cells, compared to other cells. Preferred 
embodiments of CA genes used in the methods herein include, but are not limited to the 
nucleic acids selected from Tables 1-112. The method further includes adding a drug 
candidate to the cell and determining the effect of the drug candidate on the expression of the 

35 CAgene. 

In one embodiment, the method of screening drug candidates includes comparing the level of 
expression in the absence of the drug candidate to the level of expression in the presence of 
the drug candidate. 

2 
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Also provided herein is a method of screening for a bioactive agent capable of binding to a 
CA protein (CAP), the method comprising combining the CAP and a candidate bioactive 
agent, and determining the binding of the candidate agent to the CAP. 

5 

Further provided herein is a method for screening for a bioactive agent capable of modulating 
the activity of a CAP. In one embodiment, the method comprises combining the CAP and a 
candidate bioactive agent, and determining the effect of the candidate agent on the bioactivity 
of the CAP. 

10 

Also provided is a method of evaluating the effect of a candidate carcinoma drug comprising 
administering the drug to a patient and removing a cell sample from the patient The 
expression profile of the cell is then determined. This method may further comprise 
comparing the expression profile of the patient to an expression profile of a heathy individual. 

15 

In a further aspect, a method for inhibiting the activity of an CA protein is provided. In one 
embodiment, the method comprises administering to a patient an inhibitor of a CA protein 
preferably selected from the group consisting of the sequences outlined in Tables 1-112 or 
their complements. 

20 

A method of neutralizing the effect of a CA protein, preferably a protein encoded by a nucleic 
acid selected from the group of sequences outlined in Tables 1-112, is also provided. 
Preferably, the method comprises contacting an agent specific for said protein with said 
protein in an amount sufficient to effect neutralization. 

25 

Moreover, provided herein is a biochip comprising a nucleic acid segment which encodes a 
CA protein, preferably selected from the sequences outlined in Tables 1-112. 

Also provided herein is a method for diagnosing or determining the propensity to carcinomas, 
30 especially lymphoma or leukemia by sequencing at least one carcinoma or lymphoma gene 
of an individual. In yet another aspect of the invention, a method is provided for determining 
carcinoma including lymphoma and leukemia gene copy number in an individual. 

Novel sequences are also provided herein. Other aspects of the invention will become 
35 apparent to the skilled artisan by the following description of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a number of sequences associated with carcinomas, 

3 
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especially lymphoma, breast cancer or prostate cancer. The relatively tight linkage between 
clonally-integrated proviruses and protooncogenes forms "provirus tagging", in which slow- 
transforming retroviruses that act by an insertion mutation mechanism are used to isolate 
protooncogenes. In some models, uninfected animals have low cancer rates, and infected 
animals have high cancer rates. It is known that many of the retroviruses involved do not 
carry transduced host protooncogenes or pathogenic frans-acting viral genes, and thus the 
cancer incidence must therefor be a direct consequence of proviral integration effects into 
host protooncogenes. Since proviral integration is random, rare integrants will "activate" host 
protooncogenes that provide a selective growth advantage, and these rare events result in 
new proviruses at clonal stoichiometrics in tumors. 

The use of oncogenic retroviruses, whose sequences insert into the genome of the host 
organism resulting in carcinoma, allows the identification of host sequences involved in 
carcinoma. These sequences may then be used in a number of different ways, including 
diagnosis, prognosis, screening for modulators (including both agonists and antagonists), 
antibody generation (for immunotherapy and imaging), etc. However, as will be appreciated 
by those in the art, oncogenes that are identified in one type of cancer such as lymphoma or 
leukemia have a strong likelihood of being involved in other types of cancers as well. Thus, 
while the sequences outlined herein are initially identified as correlated with lymphoma, they 
can also be found in other types of cancers as well, outlined below. 

Accordingly, the present invention provides nucleic acid and protein sequences that are 
associated with carcinoma, herein termed "carcinoma associated" or °CA" sequences. In a 
preferred embodiment, the present invention provides nucleic acid and protein sequences 
that are associated with carcinomas which originate in lymphatic tissue, herein termed 
"lymphoma associated" , "leukemia associated" or "LA" sequences. 

Suitable cancers which can be diagnosed or screened for using the methods of the present 
invention include cancers classified by site or by histological type. Cancers classified by site 
include cancer of the oral cavity and pharynx (lip, tongue, salivary gland, floor of mouth, gum 
and other mouth, nasopharynx, tonsil, oropharynx, hypopharynx, other oral/pharynx); cancers 
of the digestive system (esophagus; stomach; small intestine; colon and rectum; anus, anal 
canal, and anorectum; liver; intrahepatic bile duct; gallbladder; other biliary; pancreas; 
retroperitoneum; peritoneum, omentum, and mesentery; other digestive); cancers of the 
respiratory system (nasal cavity, middle ear, and sinuses; larynx; lung and bronchus; pleura; 
trachea, mediastinum, and other respiratory); cancers of the mesothelioma; bones and joints; 
and soft tissue, including heart; skin cancers, including melanomas and other non-epithelial 
skin cancers; Kaposi's sarcoma and breast cancer; cancer of the female genital system 
(cervix uteri; corpus uteri; uterus, nos; ovary; vagina; vulva; and other female genital); cancers 
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of the male genital system (prostate gland; testis; penis; and other male genital); cancers of 
the urinary system (urinary bladder; kidney arid renal pelvis; ureter; and other urinary); 
cancers of the eye and orbit; cancers of the brain and nervous system (brain; and other 
nervous system); cancers of the endocrine system (thyroid gland and other endocrine, 
5 including thymus); cancers of the lymphomas (hodgkin's disease and non-hodgkin's 

lymphoma), multiple myeloma, and leukemias (lymphocytic leukemia; myeloid leukemia; 
monocytic leukemia; and other leukemias). 

Other cancers, classified by histological type, that may be associated with the sequences of 
10 the invention include, but are not limited to, Neoplasm, malignant; Carcinoma, NOS; 

Carcinoma, undifferentiated, NOS; Giant and spindle cell carcinoma; Small cell carcinoma, 
NOS; Papillary carcinoma, NOS; Squamous cell carcinoma, NOS; Lymphoepithelial 
carcinoma; Basal cell carcinoma, NOS; Pilomatrix carcinoma; Transitional cell carcinoma, 
NOS; Papillary transitional cell carcinoma; Adenocarcinoma, NOS; Gastrinoma, malignant; 
is Cholangiocarcinoma; Hepatocellular carcinoma, NOS; Combined hepatocellular carcinoma 
and cholangiocarcinoma; Trabecular adenocarcinoma; Adenoid cystic carcinoma; 
Adenocarcinoma in adenomatous polyp; Adenocarcinoma, familial polyposis coli; Solid 
carcinoma, NOS; Carcinoid tumor, malignant; Branchiolo-alveolar adenocarcinoma; Papillary 
adenocarcinoma, NOS; Chromophobe carcinoma; Acidophil carcinoma; Oxyphilic 

2 0 adenocarcinoma; Basophil carcinoma; Clear cell adenocarcinoma, NOS; Granular cell 

carcinoma; Follicular adenocarcinoma, NOS; Papillary and follicular adenocarcinoma; 

Nonencapsulating sclerosing carcinoma; Adrenal cortical carcinoma; Endometroid carcinoma; 

Skin appendage carcinoma; Apocrine adenocarcinoma; Sebaceous adenocarcinoma; 

Ceruminous adenocarcinoma; Mucoepidermoid carcinoma; Cystadenocarcinoma, NOS; 
25 Papillary cystadenocarcinoma, NOS; Papillary serous cystadenocarcinoma; Mucinous 

cystadenocarcinoma, NOS; Mucinous adenocarcinoma; Signet ring cell carcinoma; Infiltrating 

duct carcinoma; Medullary carcinoma, NOS; Lobular carcinoma; Inflammatory carcinoma; 

Paget M s disease, mammary; Acinar cell carcinoma; Adenosquamous carcinoma; 

Adenocarcinoma w/ squamous metaplasia; Thymoma, malignant; Ovarian stromal tumor, 
30 malignant; Thecoma, malignant; Granulosa cell tumor, malignant; Androblastoma, malignant; 

Sertoli cell carcinoma; Leydig cell tumor, malignant; Lipid cell tumor, malignant; 

Paraganglioma, malignant; Extra-mammary paraganglioma, malignant; Pheochromocytoma; 

Glomangiosarcoma; Malignant melanoma, NOS; Amelanotic melanoma; Superficial 

spreading melanoma; Malig melanoma in giant pigmented nevus; Epithelioid cell melanoma; 

3 5 Blue nevus, malignant; Sarcoma, NOS; Fibrosarcoma, NOS; Fibrous histiocytoma, malignant; 

Myxosarcoma; Liposarcoma, NOS; Leiomyosarcoma, NOS; Rhabdomyosarcoma, NOS; 
Embryonal rhabdomyosarcoma; Alveolar rhabdomyosarcoma; Stromal sarcoma, NOS; Mixed 
tumor, malignant, NOS; Mullerian mixed tumor, Nephroblastoma; Hepatoblastoma; 
Carcinosarcoma, NOS; Mesenchymoma, malignant; Brenner tumor, malignant; Phyllodes 

5 
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tumor, malignant; Synovial sarcoma, NOS; Mesothelioma, malignant; Dysgerminoma; 
Embryonal carcinoma, NOS; Teratoma, malignant, NOS; Struma ovarii, malignant; 
Choriocarcinoma; Mesonephroma, malignant; Hemangiosarcoma; Hemangioendothelioma, 
malignant; Kaposi's sarcoma; Hemangiopericytoma, malignant; Lymphangiosarcoma; 
Osteosarcoma, NOS; Juxtacortical osteosarcoma; Chondrosarcoma, NOS; 
Chondroblastoma, malignant; Mesenchymal chondrosarcoma; Giant cell tumor of bone; 
Ewing's sarcoma; Odontogenic tumor, malignant; Ameloblastic odontosarcoma; 
Ameloblastoma, malignant; Ameloblastic fibrosarcoma; Pinealoma, malignant; Chordoma; 
Glioma, malignant; Ependymoma, NOS; Astrocytoma, NOS; Protoplasmic astrocytoma; 
Fibrillary astrocytoma; Astroblastoma; Glioblastoma, NOS; Oligodendroglioma, NOS; 
Oligodendroblastoma; Primitive neuroectodermal; Cerebellar sarcoma, NOS; 
Ganglioneuroblastoma; Neuroblastoma, NOS; Retinoblastoma, NOS; Olfactory neurogenic 
tumor; Meningioma, malignant; Neurofibrosarcoma; Neurilemmoma, malignant; Granular cell 
tumor, malignant; Malignant lymphoma, NOS; Hodgkin's disease, NOS; Hodgkin's; 
paragranuloma, NOS; Malignant lymphoma, small lymphocytic; Malignant lymphoma, large 
cell, diffuse; Malignant lymphoma, follicular, NOS; Mycosis fungoides; Other specified non- 
Hodgkin's lymphomas; Malignant histiocytosis; Multiple myeloma; Mast cell sarcoma; 
Immunoproliferative small intestinal disease; Leukemia, NOS; Lymphoid leukemia, NOS; 
Plasma cell leukemia; Erythroleukemia; Lymphosarcoma cell leukemia; Myeloid leukemia, 
NOS; Basophilic leukemia; Eosinophilic leukemia; Monocytic leukemia, NOS; Mast cell 
leukemia; Megakaryoblastic leukemia; Myeloid sarcoma; and Hairy cell leukemia. 

In addition, the genes may be involved in other diseases, such as but not limited to diseases 
associated with aging or neurodegenerative diseases. 

25 

Association in this context means that the nucleotide or protein sequences are either 
differentially expressed, activated, inactivated or altered in carcinomas as compared to 
normal tissue. As outlined below, CA sequences include those that are up-regulated (i.e. 
expressed at a higher level), as well as those that are down-regulated (i.e. expressed at a 

30 lower level), in carcinomas. CA sequences also include sequences which have been altered 
(i.e., truncated sequences or sequences with substitutions, deletions or insertions, including 
point mutations) and show either the same expression profile or an altered profile. In a 
preferred embodiment, the CA sequences are from humans; however, as will be appreciated 
by those in the art, CA sequences from other organisms may be useful in animal models of 

35 disease and drug evaluation; thus, other CA sequences are provided, from vertebrates, 

including mammals, including rodents (rats, mice, hamsters, guinea pigs, etc.), primates, farm 
animals (including sheep, goats, pigs, cows, horses, etc). In some cases, prokaryotic CA 
sequences may be useful. CA sequences from other organisms may be obtained using the 
techniques outlined below. 

6 
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CA sequences can include both nucleic acid and amino acid sequences. In a preferred 
embodiment, the CA sequences are recombinant nucleic acids. By the term "recombinant 
nucleic acid" herein is meant nucleic acid, originally formed in vitro, in general, by the 
manipulation of nucleic acid by polymerases and endonucleases, in a form not normally found 
in nature. Thus an isolated nucleic acid, in a linear form, or an expression vector formed in 
vitro by ligating DNA molecules that are not normally joined, are both considered recombinant 
for the purposes of this invention. It is understood that once a recombinant nucleic acid is 
made and reintroduced into a host cell or organism, it will replicate non-recombinantly , i.e. 
using the in vivo cellular machinery of the host cell rather than in vitro manipulations; 
however, such nucleic acids, once produced recombinant^, although subsequently replicated 
non-recombinantly, are still considered recombinant for the purposes of the invention. 

Similarly, a "recombinant protein" is a protein made using recombinant techniques, i.e. 
through the expression of a recombinant nucleic acid as depicted above. A recombinant 
protein is distinguished from naturally occurring protein by at least one or more 
characteristics. For example, the protein may be isolated or purified away from some or all of 
the proteins and compounds with which it is normally associated in its wild type host, and thus 
may be substantially pure. For example, an isolated protein is unaccompanied by at least 
some of the material with which it is normally associated in its natural state, preferably 
constituting at least about 0.5%, more preferably at least about 5% by weight of the total 
protein in a given sample. A substantially pure protein comprises at least about 75% by 
weight of the total protein, with at least about 80% being preferred, and at least about 90% 
being particularly preferred. The definition includes the production of an CA protein from one 
organism in a different organism or host cell. Alternatively, the protein may be made at a 
significantly higher concentration than is normally seen, through the use of an inducible 
promoter or high expression promoter, such that the protein is made at increased 
concentration levels. Alternatively, the protein may be in a form not normally found in nature, 
as in the addition of an epitope tag or amino acid substitutions, insertions and deletions, as 
discussed below. 

In a preferred embodiment, the CA sequences are nucleic acids. As will be appreciated by 
those in the art and is more fully outlined below, CA sequences are useful in a variety of 
applications, including diagnostic applications, which will detect naturally occurring nucleic 
acids, as well as screening applications; for example, biochips comprising nucleic acid probes 
to the CA sequences can be generated. In the broadest sense, then, by "nucleic acid" or 
"oligonucleotide" or grammatical equivalents herein means at least two nucleotides 
covalently linked together. A nucleic acid of the present invention will generally contain 
phosphodiester bonds, although in some cases, as outlined below (for example in antisense 
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applications or when a candidate agent is a nucleic acid), nucleic acid analogs may be used 
that have alternate backbones, comprising, for example, phosphoramidate (Beaucage et al., 
Tetrahedron 49(10):1925 (1993) and references therein; Letsinger, J. Org. Chem. 35:3800 
(1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et al., Nucl. Acids Res. 
5 14:3487 (1986); Sawai et al, Chem. Lett. 805 (1984), Letsinger et aL, J. Am. Chem. Soc. 
110:4470 (1988); and Pauwels et al., Chemica Scripta 26:141 91986)), phosphorothioate 
(Mag et al., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent No. 5,644,048), 
phosphorodithioate (Briu et al.. J. Am. Chem. Soc. 111:2321 (1989), O- 
methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical 

10 Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see 
Egholm, J. Am. Chem. Soc. 114:1895 (1992); Meier et al., Chem. Int. Ed. Engl. 31:1008 
(1992); Nielsen, Nature, 365:566 (1993); Carlsson etal., Nature 380:207 (1996), all of which 
are incorporated by reference). Other analog nucleic acids include those with positive 
backbones (Denpcy et al., Proc. Natl. Acad. Sci. USA 92:6097 (1995); non-ionic backbones 

15 (U.S. Patent Nos. 5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863; Kiedrowshi et 
al., Angew. Chem. Intl. Ed. English 30:423 (1991); Letsinger et aL, J. Am. Chem. Soc. 
110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); Chapters 2 and 3, 
ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", Ed. Y.S. 
Sanghui and P. Dan Cook; Mesmaeker et al , Bioorganic & Medicinal Chem. Lett. 4:395 

20 (1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743 (1996)) and 
non-ribose backbones, including those described in U.S. Patent Nos. 5,235,033 and 
5,034,506, and Chapters 6 and 7, ASC Symposium Series 580, "Carbohydrate Modifications 
in Antisense Research", Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or 
more carbocyclic sugars are also included within one definition of nucleic acids (see Jenkins 

25 et al., Chem. Soc. Rev. (1995) pp169-176). Several nucleic acid analogs are described in 
Rawls, C & E News June 2, 1997 page 35. All of these references are hereby expressly 
incorporated by reference. These modifications of the ribose-phosphate backbone may be 
done for a variety of reasons, for example to increase the stability and half-life of such 
molecules in physiological environments for use in anti-sense applications or as probes on a 

30 biochip. 

As will be appreciated by those in the art, all of these nucleic acid analogs may find use in the 
present invention. In addition, mixtures of naturally occurring nucleic acids and analogs can 
be made; alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally 
3 5 occurring nucleic acids and analogs may be made. 

The nucleic acids may be single stranded or double stranded, as specified, or contain 
portions of both double stranded or single stranded sequence. As will be appreciated by 
those in the art, the depiction of a single strand "Watson" also defines the sequence of the 

8 
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other strand "Crick"; thus the sequences described herein also includes the complement of 
the sequence. The nucleic acid may be DNA; both genomic and cDNA, RNA or a hybrid, 
where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides, and any 
combination of bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xanthine 
hypoxanthine, isocytosine, isoguanine, etc. As used herein, the term "nucleoside" includes 
nucleotides and nucleoside and nucleotide analogs, and modified nucleosides such as amino 
modified nucleosides. In addition, "nucleoside" includes non-naturally occurring analog 
structures. Thus for example the individual units of a peptide nucleic acid, each containing a 
base, are referred to herein as a nucleoside. 

An CA sequence can be initially identified by substantial nucleic acid and/or amino acid 
sequence homology to the CA sequences outlined herein. Such homology can be based 
upon the overall nucleic acid or amino acid sequence, and is generally determined as outlined 
below, using either homology programs or hybridization conditions. 

The CA sequences of the invention were initially identified as described herein; basically, 
infection of mice with murine leukemia viruses (MLV) resulted in lymphoma, although many 
of these sequences will also be involved in other cancers as is generally outlined herein. 

The CA sequences outlined herein comprise the insertion sites for the virus. In general, the 
retrovirus can cause carcinomas in three basic ways: first of all, by inserting upstream of a 
normally silent host gene and activating it (e.g. promoter insertion); secondly, by truncating a 
host gene that leads to oncogenesis; or by enhancing the transcription of a neighboring gene. 
For example, retrovirus enhancers, including SL3-3, are known to act on genes up to 
approximately 200 kilobases of the insertion site. 

In a preferred embodiment, CA sequences are those that are up-regulated in carcinomas; that 
is, the expression of these genes is higher in carcinoma tissue as compared to normal tissue 
of the same differentiation stage. u Up-regulation n as used herein means at least about 50%, 
more preferably at least about 100%, more preferably at least about 150%, more preferably, 
at least about 200%, with from 300 to at least 1000% being especially preferred. 

In a preferred embodiment, CA sequences are those that are down-regulated in carcinomas; 
that is, the expression of these genes is lower in carcinoma tissue as compared to normal I 
tissue of the same differentiation stage. "Down-regulation" as used herein means at least 
about 50%, more preferably at least about 100%, more preferably at least about 150%, more 
preferably, at least about 200%, with from 300 to at least 1000% being especially preferred. 

In a preferred embodiment, CA sequences are those that are altered but show either the 
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same 

expression profile or an altered profile as compared to normal lymphoid tissue of the same 
differentiation stage. "Altered CA sequences'* as used herein refers to sequences which are 
truncated, contain insertions or contain point mutations. 

CA proteins of the present invention may be classified as secreted proteins, transmembrane 
proteins or intracellular proteins. 

In a preferred embodiment the CA protein is an intracellular protein. Intracellular proteins 
10 may be found in the cytoplasm and/or in the nucleus. Intracellular proteins are involved in all 
aspects of cellular function and replication (including, for example, signaling pathways); 
aberrant expression of such proteins results in unregulated or disregulated cellular processes. 
For example, many intracellular proteins have enzymatic activity such as protein kinase 
activity, protein phosphatase activity, protease activity, nucleotide cyclase activity, 
15 polymerase activity and the like. Intracellular proteins also serve as docking proteins that are 
involved in organizing complexes of proteins, or targeting proteins to various subcellular 
localizations, and are involved in maintaining the structural integrity of organelles. 

An increasingly appreciated concept in characterizing intracellular proteins is the presence in 
20 the proteins of one or more motifs for which defined functions have been attributed. In 

addition to the highly conserved sequences found in the enzymatic domain of proteins, highly 
conserved sequences have been identified in proteins that are involved in protein-protein 
interaction. For example, Src-homology-2 (SH2) domains bind tyrosine-phosphory lated 
targets in a sequence dependent manner. PTB domains, which are distinct from SH2 
25 domains, also bind tyrosine phosphory lated targets. SH3 domains bind to proline-rich targets. 
In addition, PH domains, tetratricopeptide repeats and WD domains to name only a few, have 
been shown to mediate protein-protein interactions. Some of these may also be involved in 
binding to phospholipids or other second messengers. As will be appreciated by one of 
ordinary skill in the art, these motifs can be identified on the basis of primary sequence; thus, 
30 an analysis of the sequence of proteins may provide insight into both the enzymatic potential 
of the molecule and/or molecules with which the protein may associate. 

In a preferred embodiment, the CA sequences are transmembrane proteins. Transmembrane 
proteins are molecules that span the phospholipid bilayer of a cell. They may have an 
35 intracellular domain, an extracellular domain, or both. The intracellular domains of such 

proteins may have a number of functions including those already described for intracellular 
proteins. For example, the intracellular domain may have enzymatic activity and/or may 
serve as a binding site for additional proteins. Frequently the intracellular domain of 
transmembrane proteins serves both roles. For example certain receptor tyrosine kinases 
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have both protein kinase activity and SH2 domains. In addition, autophosphoryiation of 
tyrosines on the receptor molecule itself, creates binding sites for additional SH2 domain 
containing proteins. 

5 Transmembrane proteins may contain from one to many transmembrane domains. For 
example, receptor tyrosine kinases, certain cytokine receptors, receptor guanylyl cyclases 
and receptor serine/threonine protein kinases contain a single transmembrane domain. 
However, various other proteins including channels and adenylyl cyclases contain numerous 
transmembrane domains. Many important cell surface receptors are classified as "seven 
10 transmembrane domain" proteins, as they contain 7 membrane spanning regions. Important 
transmembrane protein receptors include, but are not limited to insulin receptor, insulin Jike 
growth factor receptor, human growth hormone receptor, glucose transporters, transferrin 
receptor, epidermal growth factor receptor, low density lipoprotein receptor, epidermal growth 
factor receptor, leptin receptor, interteukin receptors, e.g. IL 1 receptor, IL_2 receptor, etc. 

15 

Characteristics of transmembrane domains include approximately 20 consecutive 
hydrophobic amino acids that may be followed by charged amino acids. Therefore, upon 
analysis of the amino acid sequence of a particular protein, the localization and number of 
transmembrane domains within the protein may be predicted. 

20 

The extracellular domains of transmembrane proteins are diverse; however, conserved motifs 
are found repeatedly among various extracellular domains. Conserved structure and/or 
functions have been ascribed to different extracellular motifs. For example, cytokine 
receptors are characterized by a cluster of cysteines and a WSXWS (W= tryptophan, S= 
25 serine, X^any amino acid) motif. Immunoglobulin-like domains are highly conserved. Mucin- 
like domains may be involved in cell adhesion and leucine-rich repeats participate in protein- 
protein interactions. 

Many extracellular domains are involved in binding to other molecules. In one aspect, 
30 extracellular domains are receptors. Factors that bind the receptor domain include circulating 
ligands, which may be peptides, proteins, or small molecules such as adenosine and the like. 
For example, growth factors such as EGF, FGF and PDGF are circulating growth factors that 
bind to their cognate receptors to initiate a variety of cellular responses. Other factors include 
cytokines, mitogenic factors, neurotrophic factors and the like. Extracellular domains also 
35 bind to cell-associated molecules. In this respect, they mediate cell-cell interactions. Cell- 
associated ligands can be tethered to the cell for example via a glycosylphosphatidylinositol 
(GPI) anchor, or may themselves be transmembrane proteins. Extracellular domains also 
associate with the extracellular matrix and contribute to the maintenance of the cell structure. 
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CA proteins that are transmembrane are particularly preferred in the present invention as they 
are good targets for immunotherapeutics, as are described herein. In addition, as outlined 
below, transmembrane proteins can be also useful in imaging modalities. 

It will also be appreciated by those in the art that a transmembrane protein can be made 
soluble by removing transmembrane sequences, for example through recombinant methods. 
Furthermore, transmembrane proteins that have been made soluble can be made to be 
secreted through recombinant means by adding an appropriate signal sequence. 

In a preferred embodiment, the CA proteins are secreted proteins; the secretion of which can 
be either constitutive or regulated. These proteins have a signal peptide or signal sequence 
that targets the molecule to the secretory pathway. Secreted proteins are involved in 
numerous physiological events; by virtue of their circulating nature, they serve to transmit 
signals to various other cell types. The secreted protein may function in an autocrine manner 
(acting on the cell that secreted the factor), a paracrine manner (acting on ceils in close 
proximity to the cell that secreted the factor) or an endocrine manner (acting on cells at a 
distance). Thus secreted molecules find use in modulating or altering numerous aspects of 
physiology. CA proteins that are secreted proteins are particularly preferred in the present 
invention as they serve as good targets for diagnostic markers, for example for blood tests. 

An CA sequence is initially identified by substantial nucleic acid and/or amino acid sequence 
homology to the CA sequences outlined herein. Such homology can be based upon the 
overall nucleic acid or amino acid sequence, and is generally determined as outlined below, 
using either homology programs or hybridization conditions. 

As used herein, a nucleic acid is a "CA nucleic acid" if the overall homology of the nucleic 
acid sequence to one of the nucleic acids of Tables 1-1 12 is preferably greater than about 
75%, more preferably greater than about 80%, even more preferably greater than about 85% 
and most preferably greater than 90%. In some embodiments the homology will be as high 
as about 93 to 95 or 98%. In a preferred embodiment, the sequences which are used to 
determine sequence identity or similarity are selected from those of the nucleic acids of 
Tables 1-112. In another embodiment, the sequences are naturally occurring allelic variants 
of the sequences of the nucleic acids of Tables 1-112. In another embodiment, the 
sequences are sequence variants as further described herein. 

Homology in this context means sequence similarity or identity, with identity being preferred. 
A preferred comparison for homology purposes is to compare the sequence containing 
sequencing errors to the correct sequence. This homology will be determined using standard 
techniques known in the art, including, but not limited to, the local homology algorithm of 
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Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology alignment algorithm of 
Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method of 
Pearson & Lipman, PNAS USA 85:2444 (1988), by computerized implementations of these 
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software 
5 Package, Genetics Computer Group, 575 Science Drive, Madison, Wl), the Best Fit sequence 
program described by Devereux et al., Nucl. Acid Res. 12:387-395 (1984), preferably using 
the default settings, or by inspection. 

One example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence 

10 alignment from a group of related sequences using progressive, pairwise alignments. It can 
also plot a tree showing the clustering relationships used to create the alignment. PILEUP 
uses a simplification of the progressive alignment method of Feng & Doolittle, J. Mol. Evol. 
35:351-360 (1987); the method is similar to that described by Higgins & Sharp CABIOS 
5:151-153 (1989). Useful PILEUP parameters including a default gap weight of 3.00, a 

is default gap length weight of 0.10, and weighted end gaps. 

Another example of a useful algorithm is the BLAST algorithm, described in Altschul et al., J. 
Mol. Biol. 215, 403-410, (1990) and Karlin et al., PNAS USA 90:5873-5787 (1993). A 
particularly useful BLAST program is the WU-BLAST-2 program which was obtained from 
Altschul et al., Methods in Enzymology, 266: 460-480 (1996); http://blast.wustlj. WU-BLAST- 

20 2 uses several search parameters, most of which are set to the default values. The 

adjustable parameters are set with the following values: overlap span =1, overlap fraction = 
0.125, word threshold (T) = 1 1. The HSP S and HSP S2 parameters are dynamic values and 
are established by the program itself depending upon the composition of the particular 
sequence and composition of the particular database against which the sequence of interest 

25 is being searched; however, the values may be adjusted to increase sensitivity. A % amino 
acid sequence identity value is determined by the number of matching identical residues 
divided by the total number of residues of the "longer" sequence in the aligned region. The 
"longer" sequence is the one having the most actual residues in the aligned region (gaps 
introduced by WU-Blast-2 to maximize the alignment score are ignored). 

30 

Thus, "percent (%) nucleic acid sequence identity" is defined as the percentage of nucleotide 
residues in a candidate sequence that are identical with the nucleotide residues of the nucleic 
acids of Tables 1-1 12. A preferred method utilizes the BLASTN module of WU-BLAST-2 set 
to the default parameters, with overlap span and overlap fraction set to 1 and 0.125, 
35 respectively. 

The alignment may include the introduction of gaps in the sequences to be aligned. In 
addition, for sequences which contain either more or fewer nucleotides than those of the 
nucleic acids of Tables 1-112, it is understood that the percentage of homology will be 
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determined based on the number of homologous nucleosides in relation to the total number of 
nucleosides. Thus, for example, homology of sequences shorter than those of the sequences 
identified herein and as discussed below, will be determined using the number of nucleosides 
in the shorter sequence. 

5 

In one embodiment, the nucleic acid homology is determined through hybridization studies. 
Thus, for example, nucleic acids which hybridize under high stringency to the nucleic acids 
identified in the figures, or their complements, are considered CA sequences. High 
stringency conditions are known in the art; see for example Maniatis et al. t Molecular 
10 Cloning: A Laboratory Manual, 2d Edition, 1989, and Short Protocols in Molecular Biology, ed. 
Ausubel, et al., both of which are hereby incorporated by reference. Stringent conditions are 
sequence-dependent and will be different in different circumstances. Longer sequences 
hybridize specifically at higher temperatures. An extensive guide to the hybridization of 
nucleic acids is found in Tijssen, Techniques in Biochemistry and Molecular Biology- 
is Hybridization with Nucleic Acid Probes. "Overview of principles of hybridization and the 

strategy of nucleic acid assays" (1993). Generally, stringent conditions are selected to be 
about 5-1 0°C lower than the thermal melting point (Tm) for the specific sequence at a defined 
ionic strength pH. The Tm is the temperature (under defined ionic strength, pH and nucleic 
acid concentration) at which 50% of the probes complementary to the target hybridize to the 
2 o target sequence at equilibrium (as the target sequences are present in excess, at Tm, 50% of 
the probes are occupied at equilibrium). Stringent conditions will be those in which the salt 
concentration is less than about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion 
concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for 
short probes (e.g. 10 to 50 nucleotides) and at least about 60°C for long probes (e.g. greater 
25 than 50 nucleotides). Stringent conditions may also be achieved with the addition of 
destabilizing agents such as formamide. 

In another embodiment, less stringent hybridization conditions are used; for example, 
moderate or low stringency conditions may be used, as are known in the art; see Maniatis 
and Ausubel, supra, and Tijssen, supra. 

30 

in addition, the CA nucleic acid sequences of the invention are fragments of larger genes, i.e. 
they are nucleic acid segments. Alternatively, the CA nucleic acid sequences can serve as 
indicators of oncogene position, for example, the CA sequence may be an enhancer that 
activates a protooncogene. "Genes" in this context includes coding regions, non-coding 
35 regions, and mixtures of coding and non-coding regions. Accordingly, as will be appreciated 
by those in the art, using the sequences provided herein, additional sequences of the CA 
genes can be obtained, using techniques well known in the art for cloning either longer 
sequences or the full length sequences; see Maniatis et al., and Ausubel, et al.. supra, hereby 
expressly incorporated by reference. In general, this is done using PGR, for example, kinetic 
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PCR. 

Once the CA nucleic acid is identified, it can be cloned and, if necessary, its constituent parts 
recombined to form the entire CA nucleic acid. Once isolated from its natural source, e.g., 
5 contained within a plasmid or other vector or excised therefrom as a linear nucleic acid 
segment, the recombinant CA nucleic acid can be further used as a probe to identify and 
isolate other CA nucleic acids, for example additional coding regions. It can also be used as 
a "precursor" nucleic acid to make modified or variant CA nucleic acids and proteins. 

10 The CA nucleic acids of the present invention are used in several ways. In a first 

embodiment, nucleic acid probes to the CA nucleic acids are made and attached to biochips 
to be used in screening and diagnostic methods, as outlined below, or for administration, for 
example for gene therapy and/or antisense applications. Alternatively, the CA nucleic acids 
that include coding regions of CA proteins can be put into expression vectors for the 

is expression of CA proteins, again either for screening purposes or for administration to a 
patient 

In a preferred embodiment nucleic acid probes to CA nucleic acids (both the nucleic acid 
sequences outlined in the figures and/or the complements thereof) are made. The nucleic 

20 acid probes attached to the biochip are designed to be substantially complementary to the CA 
nucleic acids, i.e. the target sequence (either the target sequence of the sample or to other 
probe sequences, for example in sandwich assays), such that hybridization of the target 
sequence and the probes of the present invention occurs. As outlined below, this 
complementarity need not be perfect; there may be any number of base pair mismatches 

25 which will interfere with hybridization between the target sequence and the single stranded 

nucleic acids of the present invention. However, if the number of mutations is so great that no 
hybridization can occur under even the least stringent of hybridization conditions, the 
sequence is not a complementary target sequence. Thus, by "substantially complementary" 
herein is meant that the probes are sufficiently complementary to the target sequences to 

30 hybridize under normal reaction conditions, particularly high stringency conditions, as outlined 
herein. 

A nucleic acid probe is generally single stranded but can be partially single and partially 
double stranded. The strandedness of the probe is dictated by the structure, composition, 
35 and properties of the target sequence. In general, the nucleic acid probes range from about 8 
to about 100 bases long, with from about 10 to about 80 bases being preferred, and from 
about 30 to about 50 bases being particularly preferred. That is, generally whole genes are 
not used. In some embodiments, much longer nucleic acids can be used, up to hundreds of 
bases. 
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In a preferred embodiment, more than one probe per sequence is used, with either 
overlapping probes or probes to different sections of the target being used. That is, two, 
three, four or more probes, with three being preferred, are used to build in a redundancy for a 
5 particular target. The probes can be overlapping (i.e. have some sequence in common), or 
separate. 

As will be appreciated by those in the art, nucleic acids can be attached or immobilized to a 
solid support in a wide variety of ways. By "immobilized" and grammatical equivalents herein 

10 is meant the association or binding between the nucleic acid probe and the solid support is 
sufficient to be stable under the conditions of binding, washing, analysis, and removal as 
outlined below. The binding can be covalent or non-covalent By tt non-covalent binding" and 
grammatical equivalents herein is meant one or more of either electrostatic, hydrophilic, and 
hydrophobic interactions. Included in non-covalent binding is the covalent attachment of a 

is molecule, such as, streptavidin to the support and the non-covalent binding of the biotinylated 
probe to the streptavidin. By "covalent binding" and grammatical equivalents herein is meant 
that the two moieties, the solid support and the probe, are attached by at least one bond, 
including sigma bonds, pi bonds and coordination bonds. Covalent bonds can be formed 
directly between the probe and the solid support or can be formed by a cross linker or by 

20 inclusion of a specific reactive group on either the solid support or the probe or both 

molecules. Immobilization may also involve a combination of covalent and non-covalent 
interactions. 

In general, the probes are attached to the biochip in a wide variety of ways, as will be 
25 appreciated by those in the art. As described herein, the nucleic acids can either be 

synthesized first, with subsequent attachment to the biochip, or can be directly synthesized on 
the biochip. 

The biochip comprises a suitable solid substrate. By "substrate" or "solid support" or other 
30 grammatical equivalents herein is meant any material that can be modified to contain discrete 
individual sites appropriate for the attachment or association of the nucleic acid probes and is 
amenable to at least one detection method. As will be appreciated by those in the art, the 
number of possible substrates are very large, and include, but are not limited to, glass and 
modified or functionalized glass, plastics (including acrylics, polystyrene and copolymers of 
35 styrene and other materials, polypropylene, polyethylene, polybutytene, polyurethanes, 
Teflon™, etc.), polysaccharides, nylon or nitrocellulose, resins, silica or silica_based 
materials including silicon and modified silicon, carbon, metals, inorganic glasses, etc. In 
general, the substrates allow optical detection and do not appreciably fluoresce. 
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In a preferred embodiment, the surface of the biochip and the probe may be derivatized with 
chemical functional groups for subsequent attachment of the two. Thus, for example, the 
biochip is derivatized with a chemical functional group including, but not limited to, amino 
groups, carboxy groups, oxo groups and thiol groups, with amino groups being particularly 
5 preferred. Using these functional groups, the probes can be attached using functional groups 
on the probes. For example, nucleic acids containing amino groups can be attached to 
surfaces comprising amino groups, for example using linkers as are known in the art; for 
example, homo-or hetero-bifunctional linkers as are well known (see 1994 Pierce Chemical 
Company catalog, technical section on cross Jinkers, pages 155_200, incorporated herein by 
10 reference). In addition, in some cases, additional linkers, such as alky I groups (including 
substituted and heteroalkyl groups) may be used. 

In this embodiment, the oligonucleotides are synthesized as is known in the art, and then 
attached to the surface of the solid support As will be appreciated by those skilled in the art, 
is either the 5* or 3 1 terminus may be attached to the solid support, or attachment may be via an 
internal nucleoside. 

In an additional embodiment, the immobilization to the solid support may be very strong, yet 
non-covalent For example, biotinylated oligonucleotides can be made, which bind to 
20 surfaces covalently coated with streptavidin, resulting in attachment 

Alternatively, the oligonucleotides may be synthesized on the surface, as is known in the art. 
For example, photoactivation techniques utilizing photopolymerization compounds and 
techniques are used. In a preferred embodiment, the nucleic acids can be synthesized in 
25 situ, using well known photolithographic techniques, such as those described in WO 

95/25116; WO 95/35505; U.S. Patent Nos. 5,700,637 and 5,445,934; and references cited 
within, all of which are expressly incorporated by reference; these methods of attachment 
form the basis of the Affymetrix GeneChip technology. 

30 In addition to the solid-phase technology represented by biochip arrays, gene expression can 
also be quantified using liquid-phase arrays. One such system is kinetic polymerase chain 
reaction (PCR). Kinetic PCR allows for the simultaneous amplification and quantification of 
specific nucleic acid sequences. The specificity is derived from synthetic oligonucleotide 
primers designed to preferentially adhere to single-stranded nucleic acid sequences 

35 bracketing the target site. This pair of oligonucleotide primers form specific, non-covalently 
bound complexes on each strand of the target sequence. These complexes facilitate in vitro 
transcription of double-stranded DNA in opposite orientations. Temperature cycling of the 
reaction mixture creates a continuous cycle of primer binding, transcription, and re-melting of 
the nucleic acid to individual strands. The result is an exponential increase of the target 

17 



BNSDOCID: <WO O300B583A2J_> 



WO 03/008583 



PCT/US01/51291 



dsDNA product This product can be quantified in real time either through the use of an 
intercalating dye or a sequence specific probe. SYBR® Greene I, is an example of an 
intercalating dye, that preferentially binds to dsDNA resulting in a concomitant increase in the 
fluorescent signal. Sequence specific probes, such as used with TaqMan® technology, 
5 consist of a fluorochrome and a quenching molecule covalently bound to opposite ends of an 
oligonucleotide. The probe is designed to selectively bind the target DNA sequence between 
the two primers. When the DNA strands are synthesized during the PCR reaction, the 
fluorochrome is cleaved from the probe by the exonuclease activity of the polymerase 
resulting in signal dequenching. The probe signaling method can be more specific than the 

10 intercalating dye method, but in each case, signal strength is proportional to the dsDNA 

product produced. Each type of quantification method can be used in multi-well liquid phase 
arrays with each well representing primers and/or probes specific to nucleic acid sequences 
of interest. When used with messenger RNA preparations of tissues or cell lines, and an 
array of probe/primer reactions can simultaneously quantify the expression of multiple gene 

15 products of interest. See Germer, S., et al., Genome Res. 10:258-266 (2000); Heid, C. A., et 
al M Genome Res. 6, 986-994 (1996). 

In a preferred embodiment, CA nucleic acids encoding CA proteins are used to make a 
variety of expression vectors to express CA proteins which can then be used in screening 

20 assays, as described below. The expression vectors may be either self-replicating 

extrachromosomal vectors or vectors which integrate into a host genome. Generally, these 
expression vectors include transcriptional and translations! regulatory nucleic acid operably 
linked to the nucleic acid encoding the CA protein. The term "control sequences" refers to 
DNA sequences necessary for the expression of an operably linked coding sequence in a 

25 particular host organism. The control sequences that are suitable for prokaryotes, for 

example, include a promoter, optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked" when it is placed into a functional relationship with another 
30 nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably 
linked to DNA for a polypeptide if it is expressed as a preprotein that participates in the 
secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence 
if it affects the transcription of the sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate translation. Generally, "operably linked" 
35 means that the DNA sequences being linked are contiguous, and, in the case of a secretory 
leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, 
synthetic oligonucleotide adaptors or linkers are used in accordance with conventional 
practice. The transcriptional and translational regulatory nucleic acid will generally be 
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appropriate to the host cell used to express the CA protein; for example, transcriptional and 
translational regulatory nucleic acid sequences from Bacillus are preferably used to express 
the CA protein in Bacillus. Numerous types of appropriate expression vectors, and suitable 
regulatory sequences are known in the art for a variety of host cells. 

In general, the transcriptional and translational regulatory sequences may include, but are not 
limited to, promoter sequences, ribosomal binding sites, transcriptional start and stop 
sequences, translational start and stop sequences, and enhancer or activator sequences. In 
a preferred embodiment, the regulatory sequences include a promoter and transcriptional 
start and stop sequences. 

Promoter sequences encode either constitutive or inducible promoters. The promoters may 
be either naturally occurring promoters or hybrid promoters. Hybrid promoters, which 
combine elements of more than one promoter, are also known in the art, and are useful in the 
present invention. 

In addition, the expression vector may comprise additional elements. For example, the 
expression vector may have two replication systems, thus allowing it to be maintained in two 
organisms, for example in mammalian or insect cells for expression and in a procaryotic host 
for cloning and amplification. Furthermore, for integrating expression vectors, the expression 
vector contains at least one sequence homologous to the host cell genome, and preferably 
two homologous sequences which flank the expression construct. The integrating vector may 
be directed to a specific locus in the host cell by selecting the appropriate homologous 
sequence for inclusion in the vector. Constructs for integrating vectors are well known in the 
art 

In addition, in a preferred embodiment, the expression vector contains a selectable marker 
gene to allow the selection of transformed host cells. Selection genes are well known in the 
art and will vary with the host cell used. 

The CA proteins of the present invention are produced by culturing a host cell transformed 
with an expression vector containing nucleic acid encoding an CA protein, under the 
appropriate conditions to induce or cause expression of the CA protein. The conditions 
appropriate for CA protein expression will vary with the choice of the expression vector and 
the host cell, and will be easily ascertained by one skilled in the art through routine 
experimentation. For example, the use of constitutive promoters in the expression vector will 
require optimizing the growth and proliferation of the host cell, while the use of an inducible 
promoter requires the appropriate growth conditions for induction. In addition, in some 
embodiments, the timing of the harvest is important For example, the baculoviral systems 
used in insect cell expression are lytic viruses, and thus harvest time selection can be crucial 
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for product yield. 

Appropriate host cells include yeast, bacteria, archaebacteria, fungi, and insect, plant and 
animal cells, including mammalian cells. Of particular interest are Drosophila melanogaster 
5 cells, Saccharomyces cerevisiae and other yeasts, E. coli t Bacillus subtilis, Sf9 cells, C129 

cells, 293 cells, Neurospora, BHK, CHO, COS, HeLa cells, THP1 cell line (a macrophage cell 
line) and human cells and cell lines. 

In a preferred embodiment, the CA proteins are expressed in mammalian cells. Mammalian 
10 expression systems are also known in the art, and include retroviral systems. A preferred 
expression vector system is a retroviral vector system such as is generally described in 
PCT/US97/01019 and PCT/US97/01048, both of which are hereby expressly incorporated by 
reference. Of particular use as mammalian promoters are the promoters from mammalian 
viral genes, since the viral genes are often highly expressed and have a broad host range. 
15 Examples include the SV40 early promoter, mouse mammary tumor virus LTR promoter, 
adenovirus major late promoter, herpes simplex virus promoter, and the CMV promoter. 
Typically, transcription termination and polyadenylation sequences recognized by mammalian 
cells are regulatory regions located 3* to the translation stop codon and thus, together with the 
promoter elements, flank the coding sequence. Examples of transcription terminator and 
20 polyadenlytion signals include those derived form SV40. 

- ; The methods of introducing exogenous nucleic acid into mammalian hosts, as well as other 
hosts, is well known in the art, and will vary with the host cell used. Techniques include 
dextran-mediated transfection, calcium phosphate precipitation, poiybrene mediated 
25 transfection, protoplast fusion, electroporation, viral infection, encapsulation of the 
polynucleotide(s) in liposomes, and direct microinjection of the DNA into nuclei. 

In a preferred embodiment, CA proteins are expressed in bacterial systems. Bacterial 
expression systems are well known in the art. Promoters from bacteriophage may also be 

30 used and are known in the art In addition, synthetic promoters and hybrid promoters are also 
useful; for example, the tac promoter is a hybrid of the trp and lac promoter sequences. 
Furthermore, a bacterial promoter can include naturally occurring promoters of non-bacterial „ 
origin that have the ability to bind bacterial RNA polymerase and initiate transcription. In 
addition to a functioning promoter sequence, an efficient ribosome binding site is desirable. 

35 The expression vector may also include a signal peptide sequence that provides for secretion 
of the CA protein in bacteria. The protein is either secreted into the growth media (gram- 
positive bacteria) or into the periplasmic space, located between the inner and outer 
membrane of the cell (gram-negative bacteria). The bacterial expression vector may also 
include a selectable marker gene to allow for the selection of bacterial strains that have been 

20 



BNSDQCID; <WO 0300B583A2 I > 



WO 03/008583 



PCTYUS01/51291 



transformed. Suitable selection genes include genes which render the bacteria resistant to 
drugs such as ampicillin, chloramphenicol, erythromycin, kanamycin, neomycin and 
tetracycline. Selectable markers also include biosynthetic genes, such as those in the 
histidine, tryptophan and leucine biosynthetic pathways. These components are assembled 
into expression vectors. Expression vectors for bacteria are well known in the art, and include 
vectors for Bacillus subtilis, E. coli, Streptococcus cremoris, and Streptococcus lividans, 
among others. The bacterial expression vectors are transformed into bacterial host cells 
using techniques well known in the art, such as calcium chloride treatment, electroporation, 
and others. 

In one embodiment, CA proteins are produced in insect cells. Expression vectors for the 
transformation of insect cells, and in particular, baculovirus-based expression vectors, are 
well known in the art. 

In a preferred embodiment, CA protein is produced in yeast cells. Yeast expression systems 
are well known in the art, and include expression vectors for Saccharomyces cerevisiae, 
Candida albicans and C. maitosa, Hansenula polymorpha, KJuyveromyces fragilis and K. 
Iactis t Pichia guillerimondii and P. pastoris t Schizosaccharomyces pombe, and Yarrowia 
lipolytics. 

The CA protein may also be made as a fusion protein, using techniques well known in the art 
Thus, for example, for the creation of monoclonal antibodies. If the desired epitope is small, 
the CA protein may be fused to a carrier protein to form an immunogen. Alternatively, the CA 
protein may be made as a fusion protein to increase expression, or for other reasons. For 
example, when the CA protein is an CA peptide, the nucleic acid encoding the peptide may 
be linked to other nucleic acid for expression purposes. 

In one embodiment, the CA nucleic acids, proteins and antibodies of the invention are 
labeled. By "labeled" herein is meant that a compound has at least one element, isotope or 
chemical compound attached to enable the detection of the compound. In general, labels fall 
into three classes: a) isotopic labels, which may be radioactive or heavy isotopes; b) immune 
labels, which may be antibodies or antigens; and c) colored or fluorescent dyes. The labels 
may be incorporated into the CA nucleic acids, proteins and antibodies at any position. For 
example, the label should be capable of producing, either directly or indirectly, a detectable 
signal. The detectable moiety may be a radioisotope, such as 3 H, 14 C, 32 P, ^S, or 125 l, a 
fluorescent or chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, 
or luciferin, or an enzyme, such as alkaline phosphatase, beta-galactosidase or horseradish 
peroxidase. Any method known in the art for conjugating the antibody to the label may be 
employed, including those methods described by Hunter et a!., Nature, 144:945 (1962); 
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David et al., Biochemistry, 13:1014 (1974); Pain et al., J. Immunol. Meth., 40:219 (1981); and 
Nygren, J. Histochem. and Cytochem., 30:407 (1982). 

Accordingly, the present invention also provides CA protein sequences. An CA protein of the 
5 present invention may be identified in several ways. "Protein" in this sense includes proteins, 
polypeptides, and peptides. As will be appreciated by those in the art, the nucleic acid 
sequences of the invention can be used to generate protein sequences. There are a variety 
of ways to do this, including cloning the entire gene and verifying its frame and amino acid 
sequence, or by comparing it to known sequences to search for homology to provide a frame, 

10 assuming the CA protein has homology to some protein in the database being used. 

Generally, the nucleic acid sequences are input into a program that will search all three 
frames for homology. This is done in a preferred embodiment using the following NCBI 
Advanced BLAST parameters. The program is blastx or blastn. The database is nr. The 
input data is as "Sequence in FASTA format*. The organism list is "none". The "expect" is 

15 10; the filter is default The "descriptions" is 500, the "alignments" is 500, and the "alignment 
view" is pairwise. The "query Genetic Codes" is standard (1). The matrix is BLOSUM62; gap 
existence cost is 11, per residue gap cost is 1; and the lambda ratio is .85 default This 
results in the generation of a putative protein sequence. 

20 Also included within one embodiment of CA proteins are amino acid variants of the naturally 
occurring sequences, as determined herein. Preferably, the variants are preferably greater 
than about 75% homologous to the wild-type sequence, more preferably greater than about 
80%, even more preferably greater than about 85% and most preferably greater than 90%. 
In some embodiments the homology will be as high as about 93 to 95 or 98%. As for nucleic 

25 acids, homology in this context means sequence similarity or identity, with identity being 

preferred. This homology will be determined using standard techniques known in the art as 
are outlined above for the nucleic acid homologies. 

CA proteins of the present invention may be shorter or longer than the wild type amino acid 
30 sequences. Thus, in a preferred embodiment, included within the definition of CA proteins 
are portions or fragments of the wild type sequences herein. In addition, as outlined above, 
the CA nucleic acids of the invention may be used to obtain additional coding regions, and 
thus additional protein sequence, using techniques known in the art. 

35 In a preferred embodiment, the CA proteins are derivative or variant CA proteins as compared 
to the wild-type sequence. That is, as outlined more fully below, the derivative CA peptide will 
contain at least one amino acid substitution, deletion or insertion, with amino acid 
substitutions being particularly preferred. The amino acid substitution, insertion or deletion 
may occur at any residue within the CA peptide. 
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Also included in an embodiment of CA proteins of the present invention are amino acid 
sequence variants. These variants fall into one or more of three classes: substitutional, 
insertional or deletional variants. These variants ordinarily are prepared by site specific 
5 mutagenesis of nucleotides in the DNA encoding the CA protein, using cassette or PCR 

mutagenesis or other techniques well known in the art, to produce DNA encoding the variant, 
and thereafter expressing the DNA in recombinant cell culture as outlined above. However, 
variant CA protein fragments having up to about 100-150 residues may be prepared by in 
vitro synthesis using established techniques. Amino acid sequence variants are 
10 characterized by the predetermined nature of the variation, a feature that sets them apart 
from naturally occurring allelic or interspecies variation of the CA protein amino acid 
sequence. The variants typically exhibit the same qualitative biological activity as the 
naturally occurring analogue, although variants can also be selected which have modified 
characteristics as will be more fully outlined below. 

15 

While the site or region for introducing an amino acid sequence variation is predetermined, 
the mutation per se need not be predetermined. For example, in order to optimize the 
performance of a mutation at a given site, random mutagenesis may be conducted at the 
target codon or region and the expressed CA variants screened for the optimal combination of 
20 desired activity. Techniques for making substitution mutations at predetermined sites in DNA 
having a known sequence are well known, for example, M13 primer mutagenesis and LAR 
mutagenesis. Screening of the mutants is done using assays of CA protein activities. 

Amino acid substitutions are typically of single residues; insertions usually will be on the order 
25 of from about 1 to 20 amino acids, although considerably larger insertions may be tolerated. 

Deletions range from about 1 to about 20 residues, although in some cases deletions may be 
much larger. 

Substitutions, deletions, insertions or any combination thereof may be used to arrive at a final 
30 derivative. Generally these changes are done on a few amino acids to minimize the alteration 
of the molecule. However, larger changes may be tolerated in certain circumstances. When 
small alterations in the characteristics of the CA protein are desired, substitutions are 
generally made in accordance with the following chart: 

35 Chart I 

Original Residue Exemplary Substitutions 
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Ala 


Ser 


Arq 


Lys 


Asn 


Gin, His 


Asp 


Glu 


Cvs 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Pro 


His 


Asn, Gin 


He 


Leu, Val 


Leu 


He, Val 


Lvs 


Arg, Gin, Glu 


Met 


Leu, lie 


Phe 


Met, Leu, Tyr 


oer 


Thr 
1 III 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Tip, Phe 


Val 


lie, Leu 



Substantial changes in function or immunological identity are made by selecting substitutions 
that are less conservative than those shown in Chart I. For example, substitutions may be 
made which more significantly affect: the structure of the polypeptide backbone in the area of 
5 the alteration, for example the alpha-helical or beta-sheet structure; the charge or 
hydrophobic^ of the molecule at the target site; or the bulk of the side chain. The 
substitutions which in general are expected to produce the greatest changes in the 
polypeptide's properties are those in which (a) a hydrophilic residue, e.g. seryl or threonyl is 
substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or 
10 alanyl; (b) a cysteine or proline is substituted for (or by) any other residue; (c) a residue 

having an electropositive side chain, e.g. lysyl, arginyl, or histidyl, is substituted for (or by) an 
electronegative residue, e.g. glutamyl or aspartyi; or (d) a residue having a bulky side chain, 
e.g. phenylalanine, is substituted for (or by) one not having a side chain, e.g. glycine. 

is The variants typically exhibit the same qualitative biological activity and will elicit the same 

immune response as the naturally-occurring analogue, although variants also are.selected to 
modify the characteristics of the CA proteins as needed. Alternatively, the variant may be 
designed such that the biological activity of the CA protein is altered. For example, 
glycosylation sites may be altered or removed, dominant negative mutations created, etc. 

20 
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Covalent modifications of CA polypeptides are included within the scope of this invention, for 
example for use in screening. One type of covalent modification includes reacting targeted 
amino acid residues of an CA polypeptide with an organic derivatizing agent that is capable of 
reacting with selected side chains or the N-or C-terminal residues of an CA polypeptide. 
5 Derivatization with Afunctional agents is useful, for instance, for crosslinking CA polypeptides 
to a water-insoluble support matrix or surface for use in the method for purifying anti-CA 
antibodies or screening assays, as is more fully described below. Commonly used 
crosslinking agents include, e.g., 1,1-bis(diazoacetyl)~2-phenylethane, glutaraldehyde, N~ 
hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobifunctional 
10 imidoesters, including disuccinimidyl esters such as 3,3'^ithiobis(succinimidylpropionate), 
Afunctional maleimides such as bis-N-maleimido-1,8-octane and agents such as methyl-3- 
[(p-azidophenyl)dithio]propioimidate. 

Other modifications include deamidation of glutaminyl and asparaginyl residues to the 
is corresponding glutamyl and aspartyl residues, respectively, hydroxylation of proline and 

lysine, phosphorylation of hydroxyl groups of sery I, threonyl or tyrosyl residues, methylation of 
the a-amino groups of lysine, arginine, and histidine side chains [T.E. Creighton, Proteins: 
Structure and Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 79-86 (1983)], 
acetylation of the N-terminal amine, and amidation of any C-terminal carboxyl group. 

20 

Another type of covalent modification of the CA polypeptide included within the scope of this 
invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the 
native glycosylation pattern" is intended for purposes herein to mean deleting one or more 
carbohydrate moieties found in native sequence CA polypeptide, and/or adding one or more 
25 glycosylation sites that are not present in the native sequence CA polypeptide. 

Addition of glycosylation sites to CA polypeptides may be accomplished by altering the amino 
acid sequence thereof. The alteration may be made, for example, by the addition of, or 
substitution by, one or more serine or threonine residues to the native sequence CA 
30 polypeptide (for O-linked glycosylation sites). The CA amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by mutating the DNA encoding the 
CA polypeptide at preselected bases such that codons are generated that wilt translate into 
the desired amino acids. 

35 Another means of increasing the number of carbohydrate moieties on the CA polypeptide is 
by chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are 
described in the art, e.g., in WO 87/05330 published 11 September 1987, and in Aplin and 
Wriston, LA Crit Rev. Biochem., pp. 259-306 (1981). 
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Removal of carbohydrate moieties present on the CA polypeptide may be accomplished 
chemically or enzymatically or by mutational substitution of codons encoding for amino acid 
residues that serve as targets for glycosylation. Chemical deglycosylation techniques are 
known in the art and described, for instance, by Hakimuddin, et al., Arch. Biochem. Biophys., 
5 259:52 (1987) and by Edge et al., Anal. Biochem., 118:131 (1981). Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo-and 
exo-glycosidases as described by Thotakura et al., Meth. Enzymol., 138:350 (1987). 

Another type of covalent modification of CA comprises linking the CA polypeptide to one of a 
xo variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, or 
polyoxyalkylenes, in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 
4,301,144; 4,670,417; 4,791,192 or 4,179,337. 

CA polypeptides of the present invention may also be modified in a way to form chimeric 
15 molecules comprising an CA polypeptide fused to another, heterologous polypeptide or amino 
acid sequence. In one embodiment, such a chimeric molecule comprises a fusion of an CA 
polypeptide with a tag polypeptide which provides an epitope to which an anti-tag antibody 
can selectively bind. The epitope tag is generally placed at the amino-or carboxyl-terminus of 
the CA polypeptide, although internal fusions may also be tolerated in some instances. The 
20 presence of such epitope-tagged forms of an CA polypeptide can be detected using an 
antibody against the tag polypeptide. Also, provision of the epitope tag enables the CA 
polypeptide to be readily purified by affinity purification using an anti-tag antibody or another 
type of affinity matrix that binds to the epitope tag. In an alternative embodiment, the chimeric 
molecule may comprise a fusion of an CA polypeptide with an immunoglobulin or a particular 
25 region of an immunoglobulin. For a bivalent form of the chimeric molecule, such a fusion 
could be to the Fc region of an IgG molecule. 

Various tag polypeptides and their respective antibodies are well known in the art. Examples 
include poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag 

30 polypeptide and its antibody 12CA5 [Field et al., Mol. Cell. Biol., 8:2159-2165 (1988)]; the c- 
myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto [Evan et al., Molecular 
and Cellular Biology, 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) 
tag and its antibody [Paborsky et al., Protein Engineering, 3(6):547-553 (1990)]. Other tag 
polypeptides include the Flag-peptide [Hopp et al., BioTechnology, 6:1204-1210 (1988)]; the 

35 KT3 epitope peptide [Martin et al., Science, 255:192-194 (1992)]; tubulin epitope peptide 

[Skinner et al., J. Biol. Chern., 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide 
tag [Lutz-Freyermuth et al., Proc. Natl. Acad. Sci. USA, 87:6393-6397 (1990)]. 

Also included with the definition of CA protein in one embodiment are other CA proteins of the 
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CA family, and CA proteins from other organisms, which are cloned and expressed as 
outlined below. Thus, probe or degenerate polymerase chain reaction (PCR) primer 
sequences may be used to find other related CA proteins from humans or other organisms. 
As will be appreciated by those in the art, particularly useful probe and/or PCR primer 
5 sequences include the unique areas of the CA nucleic acid sequence. As is generally known 
in the art, preferred PCR primers are from about 15 to about 35 nucleotides in length, with 
from about 20 to about 30 being preferred, and may contain inosine as needed. The 
conditions for the PCR reaction are well known in the art 

io In addition, as is outlined herein, CA proteins can be made that are longer than those 
encoded by the nucleic acids of the figures, for example, by the elucidation of additional 
sequences, the addition of epitope or purification tags, the addition of other fusion sequences, 
etc. 

is CA proteins may also be identified as being encoded by CA nucleic acids. Thus, CA proteins 
are encoded by nucleic acids that will hybridize to the sequences of the sequence listings, or 
their complements, as outlined herein. 

In a preferred embodiment, the invention provides CA antibodies. In a preferred embodiment, 
20 when the CA protein is to be used to generate antibodies, for example for immunotherapy, the 
CA protein should share at least one epitope or determinant with the full length protein. By 
"epitope" or "determinant" herein is meant a portion of a protein which will generate and/or 
bind an antibody orT-cell receptor in the context of MHC. Thus, in most instances, antibodies 
made to a smaller CA protein will be able to bind to the full length protein. In a preferred 
25 embodiment, the epitope is unique; that is, antibodies generated to a unique epitope show 
little or no cross-reactivity. 

In one embodiment, the term "antibody" includes antibody fragments, as are known in the art, 
including Fab, Fab 2 , single chain antibodies (Fv for example), chimeric antibodies, etc., either 
30 produced by the modification of whole antibodies or those synthesized de novo using 
recombinant DNA technologies. 

Methods of preparing polyclonal antibodies are known to the skilled artisan. Polyclonal 
antibodies can be raised in a mammal, for example, by one or more injections of an 
35 immunizing agent and, if desired, an adjuvant Typically, the immunizing agent and/or 

adjuvant will be injected in the mammal by multiple subcutaneous or intraperitoneal injections. 
The immunizing agent may include a protein encoded by a nucleic acid of the figures or 
fragment thereof or a fusion protein thereof. It may be useful to conjugate the immunizing 
agent to a protein known to be immunogenic in the mammal being immunized. Examples of 
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such immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum 
albumin, bovine thyrogiobulin, and soybean trypsin inhibitor. Examples of adjuvants which 
may be employed include Freund's complete adjuvant and MPL-TDM adjuvant 
(monophosphoryl Lipid A, synthetic trehalose dicorynomycolate). The immunization protocol 
5 may be selected by one skilled in the art without undue experimentation. 

The antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies may be 
prepared using hybridoma methods, such as those described by Kohler and Milstein, Nature, 
256:495 (1975). In a hybridoma method, a mouse, hamster, or other appropriate host animal, 

10 is typically immunized with an immunizing agent to elicit lymphocytes that produce or are 
capable of producing antibodies that will specifically bind to the immunizing agent. 
Alternatively, the lymphocytes may be immunized in vitro. The immunizing agent will typically 
include a polypeptide encoded by a nucleic acid of Tables 1-112, or fragment thereof or a 
fusion protein thereof. Generally, either peripheral blood lymphocytes ("PBLs") are used if 

15 cells of human origin are desired, or spleen cells or lymph node cells are used if non-human 
mammalian sources are desired. The lymphocytes are then fused with an immortalized cell 
line using a suitable fusing agent such as polyethylene glycol, to form a hybridoma cell 
[Goding, Monoclonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 59- 
103]. Immortalized cell lines are usually transformed mammalian cells, particularly myeloma 
-.20 cells of rodent, bovine and human origin. Usually, rat or mouse myeloma cell lines are 

employed. The hybridoma cells may be cultured in a suitable culture medium that preferably 
contains one or more substances that inhibit the growth or survival of the unfused, 
immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 

25 typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 
substances prevent the growth of HGPRT-deficient cells. 

In one embodiment, the antibodies are bispecific antibodies. Bispecific antibodies are 
monoclonal, preferably human or humanized, antibodies that have binding specificities for at 
30 least two different antigens. In the present case, one of the binding specificities is for a 

protein encoded by a nucleic acid of Tables 1-112, or a fragment thereof, the other one is for 
any other antigen, and preferably for a cell-surface protein or receptor or receptor subunit, 
preferably one that is tumor specific. 

35 In a preferred embodiment, the antibodies to CA are capable of reducing or eliminating the 
biological function of CA. as is described below. That is, the addition of anti-CA antibodies 
(either polyclonal or preferably monoclonal) to CA (or cells containing CA) may reduce or 
eliminate the CA activity. Generally, at least a 25% decrease in activity is preferred, with at 
least about 50% being particularly preferred and about a 95-100% decrease being especially 
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preferred. 

In a preferred embodiment the antibodies to the CA proteins are humanized antibodies. 
Humanized forms of nonjiuman (e.g., murine) antibodies are chimeric molecules of 
5 immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab\ F(ab , ) 2 
or other antigen binding subsequences of antibodies) which contain minimal sequence 
derived from nonjiuman immunoglobulin. Humanized antibodies include human 
immunoglobulins (recipient antibody) in which residues form a complementary determining 
region (CDR) of the recipient are replaced by residues from a CDR of a nonjiuman species 

10 (donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and 
capacity. In some instances, Fv framework residues of the human immunoglobulin are 
replaced by corresponding nonjiuman residues. Humanized antibodies may also comprise 
residues which are found neither in the recipient antibody nor in the imported CDR or 
framework sequences. In general, the humanized antibody will comprise substantially all of at 

15 least one, and typically two, variable domains, in which all or substantially all of the CDR 

regions correspond to those of a nonjiuman immunoglobulin and all or substantially all of the 
framework residues (FR) regions are those of a human immunoglobulin consensus sequence. 
The humanized antibody optimally also will comprise at least a portion of an immunoglobulin 
constant region (Fc), typically that of a human immunoglobulin [Jones et al., Nature, 

20 321:522_525 (1986); Riechmann et al., Nature, 332:323_329 (1988); and Presta, Cun\ Op. 
Struct. Biol., 2:593.596 (1992)]. 

Methods for humanizing nonjiuman antibodies are well known in the art. Generally, a 
humanized antibody has one or more amino acid residues introduced into it from a source 

25 which is nonjiuman. These nonjiuman amino acid residues are often referred to as import 
residues, which are typically taken from an import variable domain. Humanization can be 
essentially performed following the method of Winter and co-workers [Jones et al., Nature, 
321:522_525 (1986); Riechmann et al., Nature, 332:323^327 (1988); Verhoeyen et al., 
Science, 239:1534_1536 (1988)1, by substituting rodent CDRs or CDR sequences for the 

30 corresponding sequences of a human antibody. Accordingly, such humanized antibodies are 
chimeric antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact 
human variable domain has been substituted by the corresponding sequence from a 
nonjiuman species. In practice, humanized antibodies are typically human antibodies in 
which some CDR residues and possibly some FR residues are substituted by residues from 

35 analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art including 
phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al., 
J. Mol. Biol., 222:581 (1991)]. The techniques of Cole et al. and Boerner et al. are also 
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available for the preparation of human monoclonal antibodies [Cole et at., Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985) and Boemeret al. ( J. Immunol., 
147(1):86_95 (1991)]. Similarly, human antibodies can be made by introducing human 
immunoglobulin loci into transgenic animals, e.g., mice in which the endogenous 
immunoglobulin genes have been partially or completely inactivated. Upon challenge, human 
antibody production is observed, which closely resembles that seen in humans in all respects, 
including gene rearrangement, assembly, and antibody repertoire. This approach is 
described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 
5,633,425; 5,661,016, and in the following scientific publications: Marks et al„ 
Bio/Technology 10, 779_783 (1992); Lonberg etal., Nature 368 856_859 (1994); Morrison, 
Nature 368, 812_13 (1994); Fishwild et al. t Nature Biotechnology 14, 845_51 (1996); 
Neuberger, Nature Biotechnology 14, 826 (1996); Lonberg and Huszar, Intern. Rev. Immunol. 
13 65.93 (1995). 

By immunotherapy is meant treatment of a carcinoma with an antibody raised against an CA 
protein. As used herein, immunotherapy can be passive or active. Passive immunotherapy 
as defined herein is the passive transfer of antibody to a recipient (patient). Active 
immunization is the induction of antibody and/or T-cell responses in a recipient (patient). 
Induction of an immune response is the result of providing the recipient with an antigen to 
which antibodies are raised. As appreciated by one of ordinary skill in the art, the antigen 
may be provided by injecting a polypeptide against which antibodies are desired to be raised 
into a recipient, or contacting the recipient with a nucleic acid capable of expressing the 
antigen and under conditions for expression of the antigen. 

In a preferred embodiment, oncogenes which encode secreted growth factors may be 
inhibited by raising antibodies against CA proteins that are secreted proteins as described 
above. Without being bound by theory, antibodies used for treatment, bind and prevent the 
secreted protein from binding to its receptor, thereby inactivating the secreted CA protein. 

In another preferred embodiment, the CA protein to which antibodies are raised is a 
transmembrane protein. Without being bound by theory, antibodies used for treatment, bind 
the extracellular domain of the CA protein and prevent it from binding to other proteins, such 
as circulating ligands or cell-associated molecules. The antibody may cause down-regulation 
of the transmembrane CA protein. As will be appreciated by one of ordinary skill in the art, 
the antibody may be a competitive, non-competitive or uncompetitive inhibitor of protein 
binding to the extracellular domain of the CA protein. The antibody is also an antagonist of 
the CA protein. Further, the antibody prevents activation of the transmembrane CA protein. 
In one aspect, when the antibody prevents the binding of other molecules to the CA protein, 
the antibody prevents growth of the cell. The antibody may also sensitize the cell to cytotoxic 
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agents, including, but not limited to TNF-a, TNF-p, IL-1, INF-y and IL-2, or chemotherapeutic 
agents including 5FU, vinblastine, actinomycin D, cisplatin, methotrexate, and the like. In 
some instances the antibody belongs to a sub-type that activates serum complement when 
complexed with the transmembrane protein thereby mediating cytotoxicity. Thus, carcinomas 
may be treated by administering to a patient antibodies directed against the transmembrane 
CA protein. 

In another preferred embodiment, the antibody is conjugated to a therapeutic moiety. In one 
aspect the therapeutic moiety is a small molecule that modulates the activity of the CA 
protein. In another aspect the therapeutic moiety modulates the activity of molecules 
associated with or in close proximity to the CA protein. The therapeutic moiety may inhibit 
enzymatic activity such as protease or protein kinase activity associated with carcinoma. 

In a preferred embodiment, the therapeutic moiety may also be a cytotoxic agent In this 
method, targeting the cytotoxic agent to tumor tissue or cells, results in a reduction in the 
number of afflicted cells, thereby reducing symptoms associated with carcinomas, including 
lymphoma. Cytotoxic agents are numerous and varied and include, but are not limited to, 
cytotoxic drugs or toxins or active fragments of such toxins. Suitable toxins and their 
corresponding fragments include diphtheria A chain, exotoxin A chain, ricin A chain, abrin A 
chain, curcin, crotin, phenomycin, enomycin and the like. Cytotoxic agents also include 
radiochemicals made by conjugating radioisotopes to antibodies raised against CA proteins, 
or binding of a radionuclide to a chelating agent that has been covalently attached to the 
antibody. Targeting the therapeutic moiety to transmembrane CA proteins not only serves to 
increase the local concentration of therapeutic moiety in the carcinoma of interest, i.e., 
lymphoma, but also serves to reduce deleterious side effects that may be associated with the 
therapeutic moiety. 

In another preferred embodiment, the CA protein against which the antibodies are raised is an 
intracellular protein. In this case, the antibody may be conjugated to a protein which 
facilitates entry into the cell. In one case, the antibody enters the cell by endocytosis. In 
another embodiment, a nucleic acid encoding the antibody is administered to the individual or 
cell. Moreover, wherein the CA protein can be targeted within a cell, i.e., the nucleus, an 
antibody thereto contains a signal for that target localization, i.e., a nuclear localization signal. 

The CA antibodies of the invention specifically bind to CA proteins. By "specifically bind" 
herein is meant that the antibodies bind to the protein with a binding constant in the range of 
at least Iff 4 - Iff 6 NT 1 , with a preferred range being Iff 7 - 10* 9 M'\ 

In a preferred embodiment, the CA protein is purified or isolated after expression. CA 
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proteins may be isolated or purified in a variety of ways known to those skilled in the art 
depending on what other components are present in the sample. Standard purification 
methods include electrophoretic, molecular, immunological and chromatographic techniques, 
including ion exchange, hydrophobic, affinity, and reverse-phase HPLC chromatography, and 
5 chromatofocusing. For example, the CA protein may be purified using a standard anti-CA 
antibody column. Ultrafiltration and diafiltration techniques, in conjunction with protein 
concentration, are also useful. For general guidance in suitable purification techniques, see 
Scopes, R., Protein Purification, Springer-Veiiag, NY (1982). The degree of purification 
necessary will vary depending on the use of the CA protein. In some instances no purification 
xo will be necessary. 

Once expressed and purified if necessary, the CA proteins and nucleic acids are useful in a 
number of applications. 

is In one aspect, the expression levels of genes are determined for different cellular states in the 
carcinoma phenotype; that is, the expression levels of genes in normal tissue and in 
carcinoma tissue (and in some cases, for varying severities of lymphoma that relate to 
prognosis, as outlined below) are evaluated to provide expression profiles. An expression 
profile of a particular cell state or point of development is essentially a "fingerprint" of the 

20 state; while two states may have any particular gene similarly expressed, the evaluation of a 
number of genes simultaneously allows the generation of a gene expression profile that is 
unique to the state of the cell. By comparing expression profiles of cells in different states, 
information regarding which genes are important (including both up* and down-regulation of 
genes) in each of these states is obtained. Then, diagnosis may be done or confirmed: does 

25 tissue from a particular patient have the gene expression profile of normal or carcinoma 
tissue. 

"Differential expression," or grammatical equivalents as used herein, refers to both qualitative 
as well as quantitative differences in the genes temporal and/or cellular expression patterns 

30 within and among the cells. Thus, a differentially expressed gene can qualitatively have its 
expression altered, including an activation or inactivation, in, for example, normal versus 
carcinoma tissue. That is, genes may be turned on or turned off in a particular state, relative 
to another state. As is apparent to the skilled artisan, any comparison of two or more states 
can be made. Such a qualitatively regulated gene will exhibit an expression pattern within a 

35 state or cell type which is detectable by standard techniques in one such state or cell type, but 
is hot detectable in both. Alternatively, the determination is quantitative in that expression is 
increased or decreased; that is, the expression of the gene is either upregulated, resulting in 
an increased amount of transcript, or downregulated, resulting in a decreased amount of 
transcript. The degree to which expression differs need only be large enough to quantify via 
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standard characterization techniques as outlined below, such as by use of Affymetrix 
GeneChip® expression arrays, Lockhart. Nature Biotechnology, 14:1675-1680 (1996), hereby 
expressly incorporated by reference. Other techniques include, but are not limited to, 
quantitative reverse transcriptase PGR, Northern analysis and RNase protection. As outlined 
5 above, preferably the change in expression (i.e. upregulation or downregulation) is at least 

about 50%, more preferably at least about 100%, more preferably at least about 150%, more 
preferably, at least about 200%, with from 300 to at least 1000% being especially preferred. 

As will be appreciated by those in the art, this may be done by evaluation at either the gene 
xo transcript, or the protein level; that is, the amount of gene expression may be monitored using 
nucleic acid probes to the DNA or RNA equivalent of the gene transcript, and the 
quantification of gene expression levels, or, alternatively, the final gene product itself (protein) 
can be monitored, for example through the use of antibodies to the CA protein and standard 
immunoassays (ELISAs, etc.) or other techniques, including mass spectroscopy assays, 2D 
xs gel electrophoresis assays, etc. Thus, the proteins corresponding to CA genes, i.e. those 
identified as being important in a particular carcinoma phenotype, i.e., lymphoma, can be 
evaluated in a diagnostic test specific for that carcinoma. 

In a preferred embodiment, gene expression monitoring is done and a number of genes, i.e. 
20 an expression profile, is monitored simultaneously, although multiple protein expression 

monitoring can be done as well. Similarly, these assays may be done on an individual basis 
as well. 

In this embodiment, the CA nucleic acid probes may be attached to biochips as outlined 
25 herein for the detection and quantification of CA sequences in a particular cell. The assays 
are done as is known in the art. As will be appreciated by those in the art, any number of 
different CA sequences may be used as probes, with single sequence assays being used in 
some cases, and a plurality of the sequences described herein being used in other 
embodiments. In addition, while solid-phase assays are described, any number of solution 
30 based assays may be done as well. 

In a preferred embodiment both solid and solution based assays may be used to detect CA 
sequences that are up-regulated or down-regulated in carcinomas as compared to normal 
tissue. In instances where the CA sequence has been altered but shows the same 
35 expression profile or an altered expression profile, the protein will be detected as outlined 
herein. 

In a preferred embodiment nucleic acids encoding the CA protein are detected. Although 
DNA or RNA encoding the CA protein may be detected, of particular interest are methods 
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wherein the mRNA encoding a CA protein is detected. The presence of mRNA in a sample is 
an indication that the CA gene has been transcribed to form the mRNA, and suggests that the 
protein is expressed. Probes to detect the mRNA can be any nucleotide/deoxynucleotide 
probe that is complementary to and base pairs with the mRNA and includes but is not limited 
5 to oligonucleotides, cDNA or RNA. Probes also should contain a detectable label/ as defined 
herein. In one method the mRNA is detected after immobilizing the nucleic acid to be 
examined on a solid support such as nylon membranes and hybridizing the probe with the 
sample. Following washing to remove the non-specifically bound probe, the label is detected. 
In another method detection of the mRNA is performed in situ. In this method permeabilized 

10 cells or tissue samples are contacted with a detectably labeled nucleic acid probe for 

sufficient time to allow the probe to hybridize with the target mRNA. Following washing to 
remove the non-specifically bound probe, the label is detected. For example a digoxygenin 
labeled riboprobe (RNA probe) that is complementary to the mRNA encoding a CA protein is 
detected by binding the digoxygenin with an anti-digoxygenin secondary antibody and 

15 developed with nitro blue tetrazolium and 5_bromo_4_chloro_3Jndoyl phosphate. 

In a preferred embodiment, any of the three classes of proteins as described herein 
(secreted, transmembrane or intracellular proteins) are used in diagnostic assays. The CA 
proteins, antibodies, nucleic acids, modified proteins and cells containing CA sequences are 
20 used in diagnostic assays. This can be done on an individual gene or corresponding 
polypeptide level, or as sets of assays. 

As described and defined herein, CA proteins find use as markers of carcinomas, including 
lymphomas such as, but not limited to, Hodgkin's and non-Hodgkin lymphoma. Detectiori of 
these proteins in putative carcinoma tissue or patients allows for a determination or diagnosis 
of the type of carcinoma. Numerous methods known to those of ordinary skill in the art find 
use in detecting carcinomas. In one embodiment, antibodies are used to detect CA proteins. 
A preferred method separates proteins from a sample or patient by electrophoresis on a gel 
(typically a denaturing and reducing protein gel, but may be any other type of gel including 
isoelectric focusing gels and the like). Following separation of proteins, the CA protein is 
detected by immunoblotting with antibodies raised against the CA protein. Methods of 
immunoblotting are well known to those of ordinary skili in the art. 

In another preferred method, antibodies to the CA protein find use in in situ imaging 
35 techniques. In this method cells are contacted with from one to many antibodies to the CA 
protein(s). Following washing to remove non-specific antibody binding, the presence of the 
antibody or antibodies is detected. In one embodiment the antibody is detected by incubating 
with a secondary antibody that contains a detectable label. In another method the primary 
antibody to the CA protein(s) contains a detectable label. In another preferred embodiment 
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each one of multiple primary antibodies contains a distinct and detectable label. This method 
finds particular use in simultaneous screening for a plurality of CA proteins. As will be 
appreciated by one of ordinary skill in the art, numerous other histological imaging techniques 
are useful in the invention. 

5 

In a preferred embodiment the label is detected in a fluorometer which has the ability to detect 
and distinguish emissions of different wavelengths. In addition, a fluorescence activated cell 
sorter (FACS) can be used in the method. 

10 In another preferred embodiment, antibodies find use in diagnosing carcinomas from blood 
samples. As previously described, certain CA proteins are secreted/circulating molecules. 
Blood samples, therefore, are useful as samples to be probed or tested for the presence of 
secreted CA proteins. Antibodies can be used to detect the CA proteins by any of the 
previously described immunoassay techniques including ELISA, immunoblotting (Western 

is blotting), immunoprecipitation, BIACORE technology and the like, as will be appreciated by 
one of ordinary skill in the art 

In a preferred embodiment, in situ hybridization of labeled CA nucleic acid probes to tissue 
arrays is done. For example, arrays of tissue samples, including CA tissue and/or normal 
20 tissue, are made. In situ hybridization as is known in the art can then be done. 

It is understood that when comparing the expression fingerprints between an individual and a 
standard, the skilled artisan can make a diagnosis as well as a prognosis. It is further 
understood that the genes which indicate the diagnosis may differ from those which indicate 
25 the prognosis. 

In a preferred embodiment, the CA proteins, antibodies, nucleic acids, modified proteins and 
cells containing CA sequences are used in prognosis assays. As above, gene expression 
profiles can be generated that correlate to carcinoma, especially lymphoma, severity, in terms 
30 of long term prognosis. Again, this may be done on either a protein or gene level, with the 
use of genes being preferred. As above, the CA probes are attached to biochips for the 
detection and quantification of CA sequences in a tissue or patient. The assays proceed as 
outlined for diagnosis. 

35 In a preferred embodiment, any of the CA sequences as described herein are used in drug 
screening assays. The CA proteins, antibodies, nucleic acids, modified proteins and cells 
containing CA sequences are used in drug screening assays or by evaluating the effect of 
drug candidates on a "gene expression profile" or expression profile of polypeptides. In one 
embodiment, the expression profiles are used, preferably in conjunction with high throughput 
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screening techniques to allow monitoring for expression profile genes after treatment with a 
candidate agent, Zlokarnik, et al., Science 279, 84-8 (1998), Heid, et al., Genome Res., 
6:986-994(1996). 

5 In a preferred embodiment, the CA proteins, antibodies, nucleic acids, modified proteins and 
cells containing the native or modified CA proteins are used in screening assays. That is, the 
present invention provides novel methods for screening for compositions which modulate the 
carcinoma phenotype. As above, this can be done by screening for modulators of gene 
expression or for modulators of protein activity. Similarly, this may be done on an individual 
l o gene or protein level or by evaluating the effect of drug candidates on a M gene expression 
profile". In a preferred embodiment, the expression profiles are used, preferably in 
conjunction with high throughput screening techniques to allow monitoring for expression 
profile genes after treatment with a candidate agent, see Zlokarnik, supra. 

is Having identified the CA genes herein, a variety of assays to evaluate the effects of agents on 
gene expression may be executed. In a preferred embodiment, assays may be run on an 
individual gene or protein level. That is, having identified a particular gene as aberrantly 
regulated in carcinoma, candidate bioactive agents may be screened to modulate the genes 
response. "Modulation" thus includes both an increase and a decrease in gene expression or 

20 activity. The preferred amount of modulation will depend on the original change of the gene 
expression in normal versus tumor tissue, with changes of at least 10%, preferably 50%, 
more preferably 100-300%, and in some embodiments 300-1000% or greater. Thus, if a 
gene exhibits a 4 fold increase in tumor compared to normal tissue, a decrease of about four 
fold is desired; a 10 fold decrease in tumor compared to normal tissue gives a 10 fold 

25 increase in expression for a candidate agent is desired, etc. Alternatively, where the CA 

sequence has been altered but shows the same expression profile or an altered expression 
profile, the protein will be detected as outlined herein. 

As will be appreciated by those in the art, this may be done by evaluation at either the gene or 
30 the protein level; that is, the amount of gene expression may be monitored using nucleic acid 
probes and the quantification of gene expression levels, or, alternatively, the level of the gene 
product itself can be monitored, for example through the use of antibodies to the CA protein 
and standard immunoassays. Alternatively, binding and bioactivity assays with the protein 
may be done as outlined below. 

35 

In a preferred embodiment, gene expression monitoring is done and a number of genes, i.e. 
an expression profile, is monitored simultaneously, although multiple protein expression 
monitoring can be done as well. 
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In this embodiment the CA nucleic acid probes are attached to biochips as outlined herein for 
the detection and quantification of CA sequences in a particular cell. The assays are further 
described below. 

5 Generally, in a preferred embodiment, a candidate bioactive agent is added to the cells prior 
to analysis. Moreover, screens are provided to identify a candidate bioactive agent which 
modulates a particular type of carcinoma, modulates CA proteins, binds to a CA protein, or 
interferes between the binding of a CA protein and an antibody. 

10 The term "candidate bioactive agent" or "drug candidate" or grammatical equivalents as used 
herein describes any molecule, e.g., protein, oligopeptide, small organic or inorganic 
molecule, polysaccharide, polynucleotide, etc., to be tested for bioactive agents that are 
capable of directly or indirectly altering either the carcinoma phenotype, binding to and/or 
modulating the bioactivity of an CA protein, or the expression of a CA sequence, including 

15 both nucleic acid sequences and protein sequences. In a particularly preferred embodiment, 
the candidate agent suppresses a CA phenotype, for example to a normal tissue fingerprint. 
Similarly, the candidate agent preferably suppresses a severe CA phenotype. Generally a 
plurality of assay mixtures are run in parallel with different agent concentrations to obtain a 
differential response to the various concentrations. Typically, one of these concentrations 

20 serves as a negative control, i.e., at zero concentration or below the level of detection. 

In one aspect, a candidate agent will neutralize the effect of an CA protein. By "neutralize" is 
meant that activity of a protein is either inhibited or counter acted against so as to have 
substantially no effect on a cell. 

25 

Candidate agents encompass numerous chemical classes, though typically they are organic 
or inorganic molecules, preferably small organic compounds having a molecular weight of 
more than 100 and less than about 2,500 daltons. Preferred small molecules are less than 
2000, or less than 1500 or less than 1000 or less than 500 D. Candidate agents comprise 

30 functional groups necessary for structural interaction with proteins, particularly hydrogen 
bonding, and typically include at least an amine, carbonyl, hydroxyl or carboxyl group, 
preferably at least two of the functional chemical groups. The candidate agents often 
comprise cyclical carbon or heterocyclic structures and/or aromatic or polyaromatic structures 
substituted with one or more of the above functional groups. Candidate agents are also found 

35 among biomolecules including peptides, saccharides, fatty acids, steroids, purines, 

pyrimidines, derivatives, structural analogs or combinations thereof. Particularly preferred are 
peptides. 

Candidate agents are obtained from a wide variety of sources including libraries of synthetic 
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or natural compounds. For example, numerous means are available for random and directed 
synthesis of a wide variety of organic compounds and biomolecules, including expression of 
randomized oligonucleotides. Alternatively, libraries of natural compounds in the form of 
bacterial, fungal, plant and animal extracts are available or readily produced. Additionally, 
5 natural or synthetically produced libraries and compounds are readily modified through 

conventional chemical, physical and biochemical means. Known pharmacological agents 
may be subjected to directed or random chemical modifications, such as acylation, alkylation, 
esterification, amidification to produce structural analogs. 

10 In a preferred embodiment, the candidate bioactive agents are proteins. By "protein" herein is 
meant at least two covalently attached amino acids, which includes proteins, polypeptides, 
oligopeptides and peptides. The protein may be made up of naturally occurring amino acids 
and peptide bonds, or synthetic peptidomimetic structures. Thus "amino acid", or "peptide 
residue", as used herein means both naturally occurring and synthetic amino acids. For 

is example, homo-phenylalanine, citrulline and noreleucine are considered amino acids for the 
purposes of the invention. "Amino acid" also includes imino acid residues such as proline and 
hydroxyproline. The side chains may be in either the (R) or the (S) configuration. In the 
preferred embodiment, the amino acids are in the (S) or L-configuration. If non-naturally 
occurring side chains are used, non-amino acid substituents may be used, for example to 

20 prevent or retard in vivo degradations. 

In a preferred embodiment, the candidate bioactive agents are naturally occurring proteins or 
fragments of naturally occurring proteins. Thus, for example, cellular extracts containing 
proteins, or random or directed digests of proteinaceous cellular extracts, may be used. In 
this way libraries of procaryotic and eucaryotic proteins may be made for screening in the 

25 methods of the invention. Particularly preferred in this embodiment are libraries of bacterial, 
fungal, viral, and mammalian proteins, with the latter being preferred, and human proteins 
being especially preferred. 

In a preferred embodiment, the candidate bioactive agents are peptides of from about 5 to 
30 about 30 amino acids, with from about 5 to about 20 amino acids being preferred, and from 
about 7 to about 15 being particularly preferred. The peptides may be digests of naturally 
occurring proteins as is outlined above, random peptides, or "biased" random peptides. By 
"randomized" or grammatical equivalents herein is meant that each nucleic acid and peptide 
consists of essentially random nucleotides and amino acids, respectively. Since generally 
35 these random peptides (or nucleic acids, discussed below) are chemically synthesized, they 
may incorporate any nucleotide or amino acid at any position. The synthetic process can be 
designed to generate randomized proteins or nucleic acids, to allow the formation of all or 
most of the possible combinations over the length of the sequence, thus forming a library of 
randomized candidate bioactive proteinaceous agents. 
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In one embodiment, the library is fully randomized, with no sequence preferences or 
constants at any position. In a preferred embodiment, the library is biased. That is, some 
positions within the sequence are either held constant, or are selected from a limited number 
5 of possibilities. For example, in a preferred embodiment, the nucleotides or amino acid 
residues are randomized within a defined class, for example, of hydrophobic amino acids, 
hydrophilic residues, sterically biased (either small or large) residues, towards the creation of 
nucleic acid binding domains, the creation of cysteines, for cross-linking, prolines for SH-3 
domains, serines, threonines, tyrosines or histidines for phosphorylation sites, etc., or to 
xo purines, etc. 

In a preferred embodiment, the candidate bioactive agents are nucleic acids, as defined 
above. 

15 As described above generally for proteins, nucleic acid candidate bioactive agents may be 

naturally occurring nucleic acids, random nucleic acids, or "biased" random nucleic acids. For 
example, digests of procaryotic or eucaryotic genomes may be used as is outlined above for 
proteins. 

20 In a preferred embodiment, the candidate bioactive agents are organic chemical moieties, a 
wide variety of which are available in the literature. 

In assays for altering the expression profile of one or more CA genes, after the candidate 
agent has been added and the cells allowed to incubate for some period of time, the sample 

25 containing the target sequences to be analyzed is added to the biochip. If required, the target 
sequence is prepared using known techniques. For example, the sample may be treated to 
lyse the cells, using known lysis buffers, electroporation, etc., with purification and/or 
amplification such as PCR occurring as needed, as will be appreciated by those in the art 
For example, an in vitro transcription with labels covalently attached to the nucleosides is 

30 done. Generally, the nucleic acids are labeled with a label as defined herein, with biotin-FITC 
or PE, cy3 and cy5 being particularly preferred. 

In a preferred embodiment, the target sequence is labeled with, for example, a fluorescent, 
chemiluminescent, chemical, or radioactive signal, to provide a means of detecting the target 
35 sequence's specific binding to a probe. The label also can be an enzyme, such as, alkaline 
phosphatase or horseradish peroxidase, which when provided with an appropriate substrate 
produces a product that can be detected. Alternatively, the label can be a labeled compound 
or small molecule, such as an enzyme inhibitor, that binds but is not catalyzed or altered by 
the enzyme. The label also can be a moiety or compound, such as, an epitope tag or biotin 
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which specifically binds to streptavidin. For the example of biotin, the streptavidin is labeled 
as described above, thereby, providing a detectable signal for the bound target sequence. As 
known in the art, unbound labeled streptavidin is removed prior to analysis. 

5 As will be appreciated by those in the art, these assays can be direct hybridization assays or 
can comprise "sandwich assays", which include the use of multiple probes, as is generally 
outlined in U.S. Patent Nos. 5,681,702, 5.597,909. 5,545.730, 5,594,117, 5,591,584, 
5,571,670, 5,580,731, 5,571,670, 5,591,584, 5,624,802, 5,635,352, 5,594,118, 5,359,100, 
5,124,246 and 5,681,697. all of which are hereby incorporated by reference. In this 
10 embodiment, in general, the target nucleic acid is prepared as outlined above, and then 

added to the biochip comprising a plurality of nucleic acid probes, under conditions that allow 
the formation of a hybridization complex. 

A variety of hybridization conditions may be used in the present invention, including high, 
15 moderate and low stringency conditions as outlined above. The assays are generally run 
under stringency conditions which allows formation of the label probe hybridization complex 
only in the presence of target Stringency can be controlled by altering a step parameter that 
is a thermodynamic variable, including, but not limited to, temperature, formamide 
concentration, salt concentration, chaotropic salt concentration pH, organic solvent 
20 concentration, etc. 

These parameters may also be used to control non-specific binding, as is generally outlined in 
U.S. Patent No. 5,681,697. Thus it may be desirable to perform certain steps at higher 
stringency conditions to reduce non-specific binding. 

25 

The reactions outlined herein may be accomplished in a variety of ways, as will be 
appreciated by those in the art. Components of the reaction may be added simultaneously, or 
sequentially, in any order, with preferred embodiments outlined below. In addition, the 
reaction may include a variety of other reagents may be included in the assays. These 

30 include reagents like salts, buffers, neutral proteins, e.g. albumin, detergents, etc which may 
be used to facilitate optimal hybridization and detection, and/or reduce non-specific or 
background interactions. Also reagents that otherwise improve the efficiency of the assay, 
such as protease inhibitors, nuclease inhibitors, anti-microbial agents, etc., may be used, 
depending on the sample preparation methods and purity of the target. In addition, either 

35 solid phase or solution based (i.e., kinetic PCR) assays may be used. 

Once the assay is run, the data is analyzed to determine the expression levels, and changes 
in expression levels as between states, of individual genes, forming a gene expression profile. 
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In a preferred embodiment, as for the diagnosis and prognosis applications, having identified 
the differentially expressed gene(s) or mutated gene(s) important in any one state, screens 
can be run to alter the expression of the genes individually. That is, screening for modulation 
of regulation of expression of a single gene can be done. Thus, for example, particularly in 
the case of target genes whose presence or absence is unique between two states, screening 
is done for modulators of the target gene expression. 

In addition, screens can be done for novel genes that are induced in response to a candidate 
agent. After identifying a candidate agent based upon its ability to suppress a CA expression 
pattern leading to a normal expression pattern, or modulate a single CA gene expression 
profile so as to mimic the expression of the gene from normal tissue, a screen as described 
above can be performed to identify genes that are specifically modulated in response to the 
agent. Comparing expression profiles between normal tissue and agent treated CA tissue 
reveals genes that are not expressed in normal tissue or CA tissue, but are expressed in 
agent treated tissue. These agent specific sequences can be identified and used by any of 
the methods described herein for CA genes or proteins. In particular these sequences and 
the proteins they encode find use in marking or identifying agent treated cells. In addition, 
antibodies can be raised against the agent induced proteins and used to target novel 
therapeutics to the treated CA tissue sample. 

Thus, in one embodiment, a candidate agent is administered to a population of CA cells, that 
thus has an associated CA expression profile. By "administration" or "contacting" herein is 
meant that the candidate agent is added to the cells in such a manner as to allow the agent to 
act upon the cell, whether by uptake and intracellular action, or by action at the cell surface. 
In some embodiments, nucleic acid encoding a proteinaceous candidate agent (i.e. a peptide) 
may be put into a viral construct such as a retroviral construct and added to the cell, such that 
expression of the peptide agent is accomplished; see PCT US97/01019, hereby expressly 
incorporated by reference. 

Once the candidate agent has been administered to the cells, the cells can be washed if 
desired and are allowed to incubate under preferably physiological conditions for some period 
of time. The cells are then harvested and a new gene expression profile is generated, as 
outlined herein. 

Thus, for example, CA tissue may be screened for agents that reduce or suppress the CA 
phenotype. A change in at least one gene of the expression profile indicates that the agent 
has an effect on CA activity. By defining such a signature for the CA phenotype, screens for 
new drugs that alter the phenotype can be devised. With this approach, the drug target need 
not be known and need not be represented in the original expression screening platform, nor 
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does the level of transcript for the target protein need to change. 

In a preferred embodiment, as outlined above, screens may be done on individual genes and 
gene products (proteins). That is, having identified a particular differentially expressed gene 
5 as important in a particular state, screening of modulators of either the expression of the gene 
or the gene product itself can be done. The gene products of differentially expressed genes 
are sometimes referred to herein as M CA proteins" or an "CAP". The CAP may be a 
fragment, or alternatively, be the full length protein to the fragment encoded by the nucleic 
acids of Tables 1-112. Preferably, the CAP is a fragment. In another embodiment, the 
10 sequences are sequence variants as further described herein. 

Preferably, the CAP is a fragment of approximately 14 to 24 amino acids long. More 
preferably the fragment is a soluble fragment. Preferably, the fragment includes a non- 
transmembrane region. In a preferred embodiment, the fragment has an N-terminal Cys to 
15 aid in solubility. In one embodiment, the c-terminus of the fragment is kept as a free acid and 
the n-terminus is a free amine to aid in coupling, i.e., to cysteine. 

In one embodiment the CA proteins are conjugated to an immunogenic agent as discussed 
herein. In one embodiment the CA protein is conjugated to BSA. 

20 

In a preferred embodiment, screening is done to alter the biological function of the expression 
product of the CA gene. Again, having identified the importance of a gene in a particular 
state, screening for agents that bind and/or modulate the biological activity of the gene 
product can be run as is more fully outlined below. 

25 

In a preferred embodiment, screens are designed to first find candidate agents that can bind 
to CA proteins, and then these agents may be used in assays that evaluate the ability of the 
candidate agent to modulate the CAP activity and the carcinoma phenotype. Thus, as will be 
appreciated by those in the art, there are a number of different assays which may be run; 
30 binding assays and activity assays. 

In a preferred embodiment, binding assays are done. In general, purified or isolated gene 
product is used; that is, the gene products of one or more CA nucleic acids are made. In 
general, this is done as is known in the art. For example, antibodies are generated to the 
35 protein gene products, and standard immunoassays are run to determine the amount of 

protein present. Alternatively, cells comprising the CA proteins can be used in the assays. 

Thus, in a preferred embodiment, the methods comprise combining a CA protein and a 
candidate bioactive agent, and determining the binding of the candidate agent to the CA 
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protein. Preferred embodiments utilize the human or mouse CA protein, although other 
mammalian proteins may also be used, for example for the development of animal models of 
human disease. In some embodiments, as outlined herein, variant or derivative CA proteins 
may be used. 

5 

Generally, in a preferred embodiment of the methods herein, the CA protein or the candidate 
agent is non-diffusably bound to an insoluble support having isolated sample receiving areas 
(e.g. a microtiter plate, an array, etc.). The insoluble supports may be made of any 
composition to which the compositions can be bound, is readily separated from soluble 

10 material, and is otherwise compatible with the overall method of screening. The surface of 
such supports may be solid or porous and of any convenient shape. Examples of suitable 
insoluble supports include microtiter plates, arrays, membranes and beads. These are 
typically made of glass, plastic (e.g., polystyrene), polysaccharides, nylon or nitrocellulose. 
Teflon™, etc. Microtiter plates and arrays are especially convenient because a large number 

is of assays can be carried out simultaneously, using small amounts of reagents and samples. 
The particular manner of binding of the composition is not crucial so long as it is compatible 
with the reagents and overall methods of the invention, maintains the activity of the 
composition and is nondiffusable. Preferred methods of binding include the use of antibodies 
(which do not sterically block either the ligand binding site or activation sequence when the 

20 protein is bound to the support), direct binding to "sticky" or ionic supports, chemical 

crosslinking, the synthesis of the protein or agent on the surface, etc. Following binding of the 
protein or agent, excess unbound material is removed by washing. The sample receiving 
areas may then be blocked through incubation with bovine serum albumin (BSA), casein or 
other innocuous protein or other moiety. 

25 

In a preferred embodiment, the CA protein is bound to the support, and a candidate bioactive 
agent is added to the assay. Alternatively, the candidate agent is bound to the support and 
the CA protein is added. Novel binding agents include specific antibodies, non_natural 
binding agents identified in screens of chemical libraries, peptide analogs, etc. Of particular 
3 o interest are screening assays for agents that have a low toxicity for human cells. A wide 
variety of assays may be used for this purpose, including labeled in vitro protein_protein 
binding assays, electrophoretic mobility shift assays, immunoassays for protein binding, 
functional assays (phosphorylation assays, etc.) and the like. 

35 The determination of the binding of the candidate bioactive agent to the CA protein may be 
done in a number of ways. In a preferred embodiment, the candidate bioactive agent is 
labeled, and binding determined directly. For example, this may be done by attaching ail or a 
portion of the CA protein to a solid support, adding a labeled candidate agent (for example a 
fluorescent label), washing off excess reagent, and determining whether the label is present 
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on the solid support. Various blocking and washing steps may be utilized as is known in the 
art. 

By "labeled" herein is meant that the compound is either directly or indirectly labeled with a 
5 label which provides a detectable signal, e.g. radioisotope, fluorescers, enzyme, antibodies, 
particles such as magnetic particles, chemiluminescers, or specific binding molecules, etc. 
Specific binding molecules include pairs, such as biotin and streptavidin, digoxin and 
antidigoxin etc. For the specific binding members, the complementary member would 
normally be labeled with a molecule which provides for detection, in accordance with known 
10 procedures, as outlined above. The label can directly or indirectly provide a detectable signal. 

In some embodiments, only one of the components is labeled. For example, the proteins (or 
proteinaceous candidate agents) may be labeled at tyrosine positions using 125 l, or with 
fluorophores. Alternatively, more than one component may be labeled with different labels; 
15 using 125 l for the proteins, for example, and a fiuorophor for the candidate agents. 

In a preferred embodiment, the binding of the candidate bioactive agent is determined 
through the use of competitive binding assays. In this embodiment, the competitor is a 
binding moiety known to bind to the target molecule (i.e. CA protein), such as an antibody, 
20 - peptide, binding partner, ligand, etc. Under certain circumstances, there may be competitive 
binding as between the bioactive agent and the binding moiety, with the binding moiety 
displacing the bioactive agent. 

In one embodiment, the candidate bioactive agent is labeled. Either the candidate bioactive 
25 agent, or the competitor, or both, is added first to the protein for a time sufficient to allow 
binding, if present. Incubations may be performed at any temperature which facilitates 
optimal activity, typically between 4 and 40°C. Incubation periods are selected for optimum 
activity, but may also be optimized to facilitate rapid high through put screening. Typically 
between 0.1 and 1 hour will be sufficient. Excess reagent is generally removed or washed 
30 away. The second component is then added, and the presence or absence of the labeled 
component is followed, to indicate binding. 

In a preferred embodiment, the competitor is added first, followed by the candidate bioactive 
agent. Displacement of the competitor is an indication that the candidate bioactive agent is 
35 binding to the CA protein and thus is capable of binding to, and potentially modulating, the 
activity of the CA protein. In this embodiment, either component can be labeled. Thus, for 
example, if the competitor is labeled, the presence of label in the wash solution indicates 
displacement by the agent. Alternatively, if the candidate bioactive agent is labeled, the 
presence of the label on the support indicates displacement. 
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In an alternative embodiment, the candidate bioactive agent is added first, with incubation and 
washing, followed by the competitor. The absence of binding by the competitor may indicate 
that the bioactive agent is bound to the CA protein with a higher affinity. Thus, if the 
5 candidate bioactive agent is labeled, the presence of the label on the support, coupled with a 
lack of competitor binding, may indicate that the candidate agent is capable of binding to the 
CA protein. 

In a preferred embodiment, the methods comprise differential screening to identity bioactive 
10 agents that are capable of modulating the activity of the CA proteins. In this embodiment, the 
methods comprise combining a CA protein and a competitor in a first sample. A second 
sample comprises a candidate bioactive agent, a CA protein and a competitor. The binding of 
the competitor is determined for both samples, and a change, or difference in binding 
between the two samples indicates the presence of an agent capable of binding to the CA 
is protein and potentially modulating its activity. That is, if the binding of the competitor is 

different in the second sample relative to the first sample, the agent is capable of binding to 
the CA protein. 

Alternatively, a preferred embodiment utilizes differential screening to identify drug candidates 
2 o that bind to the native CA protein, but cannot bind to modified CA proteins. The structure of 
the CA protein may be modeled, and used in rational drug design to synthesize agents that 
interact with that site. Drug candidates that affect CA bioactivity are also identified by 
screening drugs for the ability to either enhance or reduce the activity of the protein. 

25 Positive controls and negative controls may be used in the assays. Preferably all control and 
test samples are performed in at least triplicate to obtain statistically significant results. 
Incubation of all samples is for a time sufficient for the binding of the agent to the protein. 
Following incubation, all samples are washed free of non_specifically bound material and the 
amount of bound, generally labeled agent determined. For example, where a radiolabel is 

30 employed, the samples may be counted in a scintillation counter to determine the amount of 
bound compound. 

A variety of other reagents may be included in the screening assays. These include reagents 
like salts, neutral proteins, e.g. albumin, detergents, etc which may be used to facilitate 
35 optimal protein_protein binding and/or reduce non-specific or background interactions. Also 
reagents that otherwise improve the efficiency of the assay, such as protease inhibitors, 
nuclease inhibitors, anti_microbial agents, etc., may be used. The mixture of components 
may be added in any order that provides for the requisite binding. 
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Screening for agents that modulate the activity of CA proteins may also be done. In a 
preferred embodiment, methods for screening for a bioactive agent capable of modulating the 
activity of CA proteins comprise the steps of adding a candidate bioactive agent to a sample 
of CA proteins, as above, and determining an alteration in the biological activity of CA 
5 proteins. "Modulating the activity of an CA protein" includes an increase in activity, a 
decrease in activity, or a change in the type or kind of activity present. Thus, in this 
embodiment, the candidate agent should both bind to CA proteins (although this may not be 
necessary), and alter its biological or biochemical activity as defined herein. The methods 
include both in vitro screening methods, as are generally outlined above, and in vivo 
10 screening of cells for alterations in the presence, distribution, activity or amount of CA 
proteins. 

Thus, in this embodiment, the methods comprise combining a CA sample and a candidate 
bioactive agent, and evaluating the effect on CA activity. By "CA activity" or grammatical 
15 equivalents herein is meant one of the CA protein's biological activities, including, but not 

limited to, its role in tumorigenesis, including cell division, preferably in lymphatic tissue, cell 
proliferation, tumor growth and transformation of cells. In one embodiment, CA activity 
includes activation of or by a protein encoded by a nucleic acid of Tables 1-112. An inhibitor 
of CA activity is the inhibition of any one or more CA activities. 

20 

In a preferred embodiment, the activity of the CA protein is increased; in another preferred 
embodiment, the activity of the CA protein is decreased. Thus, bioactive agents that are 
antagonists are preferred in some embodiments, and bioactive agents that are agonists may 
be preferred in other embodiments. 

25 

In a preferred embodiment, the invention provides methods for screening for bioactive agents 
capable of modulating the activity of a CA protein. The methods comprise adding a candidate 
bioactive agent, as defined above, to a cell comprising CA proteins. Preferred cell types 
include almost any cell. The cells contain a recombinant nucleic acid that encodes a CA 
30 protein. In a preferred embodiment, a library of candidate agents are tested on a plurality of 
cells. 

In one aspect, the assays are evaluated in the presence or absence or previous or 
subsequent exposure of physiological signals, for example hormones, antibodies, peptides, 
35 antigens, cytokines, growth factors, action potentials, pharmacological agents including 

chemotherapeutics, radiation, carcinogenics, or other cells (i.e. cell-cell contacts). In another 
example, the determinations are determined at different stages of the cell cycle process. 

In this way, bioactive agents are identified. Compounds with pharmacological activity are 
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able to enhance or interfere with the activity of the CA protein. 

In one embodiment, a method of inhibiting carcinoma cancer cell division, is provided. The 
method comprises administration of a carcinoma cancer inhibitor. 

5 

In a preferred embodiment, a method of inhibiting lymphoma carcinoma cell division is 
provided comprising administration of a lymphoma carcinoma inhibitor. 

In another embodiment, a method of inhibiting tumor growth is provided. The method 
10 comprises administration of a carcinoma cancer inhibitor. In a particularly preferred 

embodiment, a method of inhibiting tumor growth in lymphatic tissue is provided comprising 
administration of a lymphoma inhibitor. 

In a further embodiment, methods of treating cells or individuals with cancer are provided. 
The method comprises administration of a carcinoma cancer inhibitor. Preferably, the 
is carcinoma is a lymphoma carcinoma. 

In one embodiment, a carcinoma cancer inhibitor is an antibody as discussed above. In 
another embodiment, the carcinoma cancer inhibitor is an antisense molecule. Antisense 
molecules as used herein include antisense or sense oligonucleotides comprising a singe- 

20 stranded nucleic acid sequence (either RNA or DNA) capable of binding to target mRNA 

(sense) or DNA (antisense) sequences for carcinoma cancer molecules. Antisense or sense 
oligonucleotides, according to the present invention, comprise a fragment generally at least 
about 14 nucleotides, preferably from about 14 to 30 nucleotides. The ability to derive an 
antisense or a sense oligonucleotide, based upon a cDNA sequence encoding a given protein 

2 5 is described in, for example, Stein and Cohen, Cancer Res. 48:2659, (1988) and van der Krol 
etal., BioTechniques 6:958, (1988). 

Antisense molecules may be introduced into a cell containing the target nucleotide sequence 
by formation of a conjugate with a ligand binding molecule, as described in WO 91/04753. 

30 Suitable ligand binding molecules include, but are not limited to, cell surface receptors, growth 
factors, other cytokines, or other ligands that bind to cell surface receptors. Preferably, 
conjugation of the ligand binding molecule does not substantially interfere with the ability of 
the ligand binding molecule to bind to its corresponding molecule or receptor, or block entry of 
the sense or antisense oligonucleotide or its conjugated version into the cell. Alternatively, a 

35 sense or an antisense oligonucleotide may be introduced into a cell containing the target 

nucleic acid sequence by formation of an oligonucleotide-lipid complex, as described in WO 
90/10448. It is understood that the use of antisense molecules or knock out and knock in 
models may also be used in screening assays as discussed above, in addition to methods of 
treatment. 
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The compounds having the desired pharmacological activity may be administered in a 
physiologically acceptable carrier to a host, as previously described. The agents may be 
administered in a variety of ways, orally, parenterally e.g., subcutaneously, intraperitoneal^, 
5 intravascularly, etc. Depending upon the manner of introduction, the compounds may be 

formulated in a variety of ways. The concentration of therapeutically active compound in the 
formulation may vary from about 0.1_100% wgt/vol. The agents may be administered alone 
or in combination with other treatments, i.e., radiation. 

10 The pharmaceutical compositions can be prepared in various forms, such as granules, 
tablets, pills, suppositories, capsules, suspensions, salves, lotions and the like. 
Pharmaceutical grade organic or inorganic carriers and/or diluents suitable for oral and topical 
use can be used to make up compositions containing the therapeutically ^active compounds. 
Diluents known to the art include aqueous media, vegetable and animal oils and fats. 

is Stabilizing agents, wetting and emulsifying agents, salts for varying the osmotic pressure or 
buffers for securing an adequate pH value, and skin penetration enhancers can be used as 
auxiliary agents. 

Without being bound by theory, it appears that the various CA sequences are important in 
20 carcinomas. Accordingly, disorders based on mutant or variant CA genes may be 

determined. In one embodiment, the invention provides methods for identifying cells 
containing variant CA genes comprising determining all or part of the sequence of at least one 
endogenous CA genes in a cell. As will be appreciated by those in the art, this may be done 
using any number of sequencing techniques. In a preferred embodiment, the invention 
25 provides methods of identifying the CA genotype of an individual comprising determining all or 
part of the sequence of at least one CA gene of the individual. This is generally done in at 
least one tissue of the individual, and may include the evaluation of a number of tissues or 
different samples of the same tissue. The method may include comparing the sequence of 
the sequenced CA gene to a known CA gene, i.e., a wild-type gene. As will be appreciated 
30 by those in the art, alterations in the sequence of some oncogenes can be an indication of 
either the presence of the disease, or propensity to develop the disease, or prognosis 
evaluations. 

The sequence of all or part of the CA gene can then be compared to the sequence of a 
35 known CA gene to determine if any differences exist. . This can be done using any number of 
known homology programs, such as Bestfit, etc. In a preferred embodiment, the presence of 
a difference in the sequence between the CA gene of the patient and the known CA gene is 
indicative of a disease state or a propensity for a disease state, as outlined herein. 
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In a preferred embodiment, the CA genes are used as probes to determine the number of 
copies of the CA gene in the genome. For example, some cancers exhibit chromosomal 
deletions or insertions, resulting in an alteration in the copy number of a gene. 

In another preferred embodiment CA genes are used as probes to determine the 
chromosomal location of the CA genes. Information such as chromosomal location finds use 
in providing a diagnosis or prognosis in particular when chromosomal abnormalities such as 
translocations, and the like are identified in CA gene loci. 

Thus, in one embodiment, methods of modulating CA in cells or organisms are provided. In 
one embodiment, the methods comprise administering to a cell an anti-CA antibody that 
reduces or eliminates the biological activity of an endogenous CA protein. Alternatively, the 
methods comprise administering to a cell or organism a recombinant nucleic acid encoding a 
CA protein. As will be appreciated by those in the art, this may be accomplished in any 
number of ways. In a preferred embodiment, for example when the CA sequence is down- 
regulated in carcinoma, the activity of the CA gene is increased by increasing the amount of 
CA in the cell, for example by overexpressing the endogenous CA or by administering a gene 
encoding the CA sequence, using known gene-therapy techniques, for example. In a 
preferred embodiment, the gene therapy techniques include the incorporation of the 
exogenous gene using enhanced homologous recombination (EHR), for example as 
described in PCT/US93/03868, hereby incorporated by reference in its entirety. Alternatively, 
for example when the CA sequence is up-regulated in carcinoma, the activity of the 
endogenous CA gene is decreased, for example by the administration of a CA antisense 
nucleic acid. 

In one embodiment, the CA proteins of the present invention may be used to generate 
polyclonal and monoclonal antibodies to CA proteins, which are useful as described herein. 
Similarly, the CA proteins can be coupled, using standard technology, to affinity 
chromatography columns. These columns may then be used to purify CA antibodies. In a 
preferred embodiment, the antibodies are generated to epitopes unique to a CA protein; that 
is, the antibodies show little or no cross-reactivity to other proteins. These antibodies find use 
in a number of applications. For example, the CA antibodies may be coupled to standard 
affinity chromatography columns and used to purify CA proteins. The antibodies may also be 
used as blocking polypeptides, as outlined above, since they will specifically bind to the CA 
protein. 

In one embodiment, a therapeutically effective dose of a CA or modulator thereof is 
administered to a patient. By "therapeutically effective dose" herein is meant a dose that 
produces the effects for which it is administered. The exact dose will depend on the purpose 
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of the treatment and will be ascertainable by one skilled in the art using known techniques. 
As is known in the art, adjustments for CA degradation, systemic versus localized delivery, 
and rate of new protease synthesis, as well as the age, body weight, general health, sex, diet, 
time of administration, drug interaction and the severity of the condition may be necessary, 
5 and will be ascertainable with routine experimentation by those skilled in the art. 

A "patient" for the purposes of the present invention includes both humans and other animals, 
particularly mammals, and organisms. Thus the methods are applicable to both human 
therapy and veterinary applications. In the preferred embodiment the patient is a mammal, 
10 and in the most preferred embodiment the patient is human. 

The administration of the CA proteins and modulators of the present invention can be done in 
a variety of ways as discussed above, including, but not limited to, orally, subcutaneously, 
intravenously, intranasally, transdermal^, intraperitoneally, intramuscularly, intrapulmonary, 
15 vaginally, rectally, or intraocularly. In some instances, for example, in the treatment of 
wounds and inflammation, the CA proteins and modulators may be directly applied as a 
solution or spray. 

The pharmaceutical compositions of the present invention comprise a CA protein in a form 

20 suitable for administration to a patient. In the preferred embodiment, the pharmaceutical 
compositions are in a water soluble form, such as being present as pharmaceutical^ 
acceptable salts, which is meant to include both acid and base addition salts. 
"Pharmaceutically acceptable acid addition salt" refers to those salts that retain the biological 
effectiveness of the free bases and that are not biologically or otherwise undesirable, formed 

25 with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, 
phosphoric acid and the like, and organic acids such as acetic acid, propionic acid, glycolic 
acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric 
acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, 
ethanesulforiic acid, p_toluenesulfonic acid, salicylic acid and the like. "Pharmaceutically 

30 acceptable base addition salts" include those derived from inorganic bases such as sodium, 
potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper, manganese, 
aluminum salts and the like. Particularly preferred are the ammonium, potassium, sodium, 
calcium, and magnesium salts. Salts derived from pharmaceutically acceptable organic 
nonjoxic bases include salts of primary, secondary, and tertiary amines, substituted amines 

35 including naturally occurring substituted amines, cyclic amines and basic ion exchange resins, 
such as isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, and 
ethanolamine. 

The pharmaceutical compositions may also include one or more of the following: carrier 
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proteins such as serum albumin; buffers; fillers such as microcrystalline cellulose, lactose, 
corn and other starches; binding agents; sweeteners and other flavoring agents; coloring 
agents; and polyethylene glycol. Additives are well known in the art, and are used in a variety 
of formulations. 

5 In a preferred embodiment, CA proteins and modulators are administered as therapeutic 

agents, and can be formulated as outlined above. Similarly, CA genes (including both the full- 
length sequence, partial sequences, or regulatory sequences of the CA coding regions) can 
be administered in gene therapy applications, as is known in the art. These CA genes can 
include antisense applications, either as gene therapy (i.e. for incorporation into the genome) 
10 or as antisense compositions, as will be appreciated by those in the art. 

In a preferred embodiment, CA genes are administered as DNA vaccines, either single genes 
or combinations of CA genes. Naked DNA vaccines are generally known in the art. Brower, 
Nature Biotechnology, 16:1304-1305 (1998). 

In one embodiment, CA genes of the present invention are used as DNA vaccines. Methods 
for the use of genes as DNA vaccines are well known to one of ordinary skill in the art, and 
include placing a CA gene or portion of a CA gene under the control of a promoter for 
expression in a patient with carcinoma. The CA gene used for DNA vaccines can encode full- 
length CA proteins, but more preferably encodes portions of the CA proteins including 
peptides derived from the CA protein. In a preferred embodiment a patient is immunized with 
a DNA vaccine comprising a plurality of nucleotide sequences derived from a CA gene. 
Similarly, it is possible to immunize a patient with a plurality of CA genes or portions thereof 
as defined herein. Without being bound by theory, expression of the polypeptide encoded by 
the DNA vaccine, cytotoxic T-cells, helper T-cells and antibodies are induced which recognize 
and destroy or eliminate cells expressing CA proteins. 

In a preferred embodiment, the DNA vaccines include a gene encoding an adjuvant molecule 
with the DNA vaccine. Such adjuvant molecules include cytokines that increase the 
30 immunogenic response to the CA polypeptide encoded by the DNA vaccine. Additional or 
alternative adjuvants are known to those of ordinary skill in the art and find use in the 
invention. 

In another preferred embodiment CA genes find use in generating animal models of 
35 carcinomas, particularly lymphoma carcinomas. As is appreciated by one of ordinary skill in 
the art, when the CA gene identified is repressed or diminished in CA tissue, gene therapy 
technology wherein antisense RNA directed to the CA gene will also diminish or repress 
expression of the gene. An animal generated as such serves as an animal model of CA that 
finds use in screening bioactive drug candidates. Similarly, gene knockout technology, for 
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example as a result of homologous recombination with an appropriate gene targeting vector, 
will result in the absence of the CA protein. When desired, tissue-specific expression or 
knockout of the CA protein may be necessary. 

5 It is also possible that the CA protein is overexpressed in carcinoma. As such, transgenic 
animals can be generated that overexpress the CA protein. Depending on the desired 
expression level, promoters of various strengths can be employed to express the transgene. 
Also, the number of copies of the integrated transgene can be determined and compared for 
a determination of the expression level of the transgene. Animals generated by such 
10 methods find use as animal models of CA and are additionally useful in screening for 
bioactive molecules to treat carcinoma. 

The CA nucleic acid sequences of the invention are depicted in Tables 1-112. The 
sequences in Tables 1 and 2 depict mouse tags, i.e. the genomic insertion sites. The 
is sequences in Tables 3-102 include genomic sequence, mRNA and coding sequences for 
both mouse and human. N/A indicates a gene that has been identified, but for which there 
has not been a name ascribed. The different sequences are assigned the following SEQ ID 
Nos: 

20 Table 3 (mouse gene: Fscnl; human gene SNL) 

Mouse genomic sequence (SEQ ID NO: 1) 

Mouse mRNA sequence (SEQ ID NO: 2) 

Mouse coding sequence (SEQ ID NO: 3) 

Human genomic sequence (SEQ ID NO: 4) 
25 Human mRNA sequence (SEQ ID NO: 5) 

Human coding sequence (SEQ ID NO: 6) 

Table 4 (mouse gene Map3k6; human gene MAP3K6) 
Mouse genomic sequence (SEQ ID NO: 7) 
30 Mouse mRNA sequence (SEQ ID NO: 8) 
Mouse coding sequence (SEQ ID NO: 9) 
Human genomic sequence (SEQ ID NO: 10) 
Human mRNA sequence (SEQ ID NO: 11) 
Human coding sequence (SEQ ID NO: 12) 

35 

Table 5 (mouse gene Fosb; human gene FOSB) 
Mouse genomic sequence (SEQ ID NO: 13) 
Mouse mRNA sequence (SEQ ID NO: 14) 
Mouse coding sequence (SEQ ID NO: 15) 
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Human genomic sequence (SEQ ID NO: 16) 
Human mRNA sequence (SEQ ID NO: 17) 
Human coding sequence (SEQ ID NO: 18) 

5 Table 6 (mouse gene cmkbr7; human gene: CCR7) 
Mouse genomic sequence (SEQ ID NO: 19) 
Mouse mRNA sequence (SEQ ID NO: 20) 
Mouse coding sequence (SEQ ID NO: 21) 
Human genomic sequence (SEQ ID NO: 22) 
10 Human mRNA sequence (SEQ ID NO: 23) 
Human coding sequence (SEQ ID NO: 24) 

Table 7 (mouse gene: Ccndl; human gene: CCND1) 
Mouse genomic sequence (SEQ ID NO: 25) 
15 Mouse mRNA sequence (SEQ ID NO: 26) 
Mouse coding sequence (SEQ ID NO: 27) 
Human genomic sequence (SEQ ID NO: 28) 
Human mRNA sequence (SEQ ID NO:29) 
Human coding sequence (SEQ ID NO: 30) 

20 

Table 8 (mouse gene: Ccnd3; human gene: CCND3) 
Mouse genomic sequence (SEQ ID NO: 31) 
Mouse mRNA sequence (SEQ ID NO: 32) 
Mouse coding sequence (SEQ ID NO: 33) 
25 Human genomic sequence (SEQ ID NO: 34) 
Human mRNA sequence (SEQ ID NO: 35) 
Human coding sequence (SEQ ID NO: 36) 

Table 9 (mouse gene: Wnt3; human gene: WNT3) 
30 Mouse genomic sequence (SEQ ID NO: 37) 
Mouse mRNA sequence (SEQ ID NO: 38) 
Mouse coding sequence (SEQ ID NO: 39) 
Human genomic sequence (SEQ ID NO: 40) 
Human mRNA sequence (SEQ ID NO: 41) 
35 Human coding sequence (SEQ ID NO: 42) 

Table 10 (mouse gene: Batf; human gene: BATF) 
Mouse genomic sequence (SEQ ID NO: 43) 
Mouse mRNA sequence (SEQ ID NO: 44) 
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Mouse coding sequence (SEQ ID NO: 45) 
Human genomic sequence (SEQ ID NO: 46) 
Human mRNA sequence (SEQ ID NO: 47) 
Human coding sequence (SEQ ID NO: 48) 

5 

Table 1 1 (mouse gene: Irf4; human gene: IRF4) 
Mouse genomic sequence (SEQ ID NO: 49) 
Mouse mRNA sequence (SEQ ID NO: 50) 
Mouse coding sequence (SEQ ID NO: 51) 
10 Human genomic sequence (SEQ ID NO: 52) 
Human mRNA sequence (SEQ ID NO: 53) 
Human coding sequence (SEQ ID NO: 54) 

Table 12 (mouse gene: Notchl; human gene: NOTCH1) 
15 Mouse genomic sequence (SEQ ID NO: 55) 
Mouse mRNA sequence (SEQ ID NO: 56) 
Mouse coding sequence (SEQ ID NO: 57) 
Human genomic sequence (SEQ ID NO: 58) 
Human mRNA sequence (SEQ ID NO: 59) 
20 Human coding sequence (SEQ ID NO: 60) 

Table 13 (mouse gene: Myc; human gene MYC) 
Mouse genomic sequence (SEQ ID NO: 61) 
Mouse mRNA sequence (SEQ ID NO: 62) 
25 Mouse coding sequence (SEQ ID NO: 63) 

Human genomic sequence (SEQ ID NO: 64) 
Human mRNA sequence (SEQ ID NO: 65) 
Human coding sequence (SEQ ID NO: 66) 

30 Table 14 (mouse gene Bach2; human gene BACH2) 
Mouse genomic sequence (SEQ ID NO: 67) 
Mouse mRNA sequence (SEQ ID NO: 68) 
Mouse coding sequence (SEQ ID NO: 69) 
Human genomic sequence (SEQ ID NO: 70) 

35 Human mRNA sequence (SEQ ID NO: 71) 
Human coding sequence (SEQ ID NO: 72) 

Table 15 (mouse gene Wnt1; human gene WNT1) 
Mouse genomic sequence (SEQ ID NO: 73) 
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Mouse mRNA sequence (SEQ ID NO: 74) 
Mouse coding sequence (SEQ ID NO: 75) 
Human genomic sequence (SEQ ID NO: 76) 
Human mRNA sequence (SEQ ID NO: 77) 
5 Human coding sequence (SEQ ID NO: 78) 

Table 16 (mouse gene Rasgrpl; human gene: RASGRP1) 
Mouse genomic sequence (SEQ ID NO: 79) 
Mouse mRNA sequence (SEQ ID NO: 80) 
10 Mouse coding sequence (SEQ ID NO: 81 ) 

Human genomic sequence (SEQ ID NO: 82) 
Human mRNA sequence (SEQ ID NO: 83) 
Human coding sequence (SEQ ID NO: 84) 

is Table 17 (mouse gene: Nmyd; human gene: MYCN) 
Mouse genomic sequence (SEQ ID NO: 85) 
Mouse mRNA sequence (SEQ ID NO: 86) 
Mouse coding sequence (SEQ ID NO: 87) 
Human genomic sequence (SEQ ID NO: 88) 

20 Human mRNA sequence (SEQ ID NO:89) 
Human coding sequence (SEQ ID NO: 90) 

Table 18 (mouse gene: Myb; human gene: MYB) 
Mouse genomic sequence (SEQ ID NO: 91) 

2 5 Mouse mRNA sequence (SEQ ID NO: 92) 

Mouse coding sequence (SEQ ID NO: 93) 
Human genomic sequence (SEQ ID NO: 94) 
Human mRNA sequence (SEQ ID NO: 95) 
Human coding sequence (SEQ ID NO: 96) 

Table 19 (mouse gene: Sox4; human gene: SOX4) 
Mouse genomic sequence (SEQ ID NO: 97) 
Mouse mRNA sequence (SEQ ID NO: 98) 
Mouse coding sequence (SEQ ID NO: 99) 

3 5 Human genomic sequence (SEQ ID NO: 100) 

Human mRNA sequence (SEQ ID NO: 101) 
Human coding sequence (SEQ ID NO: 102) 

Table 20 (mouse gene: Tcofl; human gene: TCOF1) 
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Mouse genomic sequence (SEQ ID NO: 103) 
Mouse mRNA sequence (SEQ ID NO: 104) 
Mouse coding sequence (SEQ ID NO: 105) 
Human genomic sequence (SEQ ID NO: 106) 
5 Human mRNA sequence (SEQ ID NO: 107) 
Human coding sequence (SEQ ID NO: 108) 

Table 21 (mouse gene: Pim1; human gene: PIM1) 
Mouse genomic sequence (SEQ ID NO: 109) 
10 Mouse mRNA sequence (SEQ ID NO: 110) 
Mouse coding sequence (SEQ ID NO: 111) 
Human genomic sequence (SEQ ID NO: 112) 
Human mRNA sequence (SEQ ID NO: 113) 
Human coding sequence (SEQ ID NO: 1 14) 

15 

Table 22 (mouse gene: Wnt3a; human gene: WNT3A) 
Mouse genomic sequence (SEQ ID NO: 115) 
Mouse mRNA sequence (SEQ ID NO: 1 16) 
Mouse coding sequence (SEQ ID NO: 117) 
20 Human genomic sequence (SEQ ID NO: 118) 
Human mRNA sequence (SEQ ID NO: 119) 
Human coding sequence (SEQ ID NO: 120) 

Table 23 (mouse gene: Ly6e; human gene LY6E) 
25 Mouse genomic sequence (SEQ ID NO: 121) 
Mouse mRNA sequence (SEQ ID NO: 122) 
Mouse coding sequence (SEQ ID NO: 123) 
Human genomic sequence (SEQ ID NO: 124) 
Human mRNA sequence (SEQ ID NO: 125) 
30 Human coding sequence (SEQ ID NO: 126) 

Table 24 (mouse gene: Rasa2; human gene RASA2) 
Mouse genomic sequence (SEQ ID NO: 127) 
Mouse mRNA sequence (SEQ ID NO: 128) 
35 Mouse coding sequence (SEQ ID NO: 129) 

Human genomic sequence (SEQ ID NO: 130) 
Human mRNA sequence (SEQ ID NO: 131) 
Human coding sequence (SEQ ID NO: 132) 
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Table 25 (mouse gene: Gatal; human gene GATA1) 
Mouse genomic sequence (SEQ ID NO: 133) 
Mouse mRNA sequence (SEQ ID NO: 134) 
Mouse coding sequence (SEQ ID NO: 135) 
5 Human genomic sequence (SEQ ID NO: 136) 
Human mRNA sequence (SEQ ID NO: 137) 
Human coding sequence (SEQ ID NO: 138) 

Table 26 (mouse gene: FkbpS; human gene FKBP5) 
10 Mouse genomic sequence (SEQ ID NO: 139) 

Mouse mRNA sequence (SEQ ID NO: 140) 

Mouse coding sequence (SEQ ID NO: 141) 

Human genomic sequence (SEQ ID NO: 142) 

Human mRNA sequence (SEQ ID NO: 143) 
15 Human coding sequence (SEQ ID NO: 144) 

Table 27 (mouse gene: Rel; human gene REL) 
Mouse genomic sequence (SEQ ID NO: 145) 
Mouse mRNA sequence (SEQ ID NO: 146) 
20 Mouse coding sequence (SEQ ID NO: 147) 
Human genomic sequence (SEQ ID NO: 148) 
Human mRNA sequence (SEQ ID NO: 149) 
Human coding sequence (SEQ ID NO: 150) 

25 Table 28 (mouse gene: Icsbp; human gene ICSBP1) 

Mouse genomic sequence (SEQ ID NO: 151) 

Mouse mRNA sequence (SEQ ID NO: 152) 

Mouse coding sequence (SEQ ID NO: 153) 

Human genomic sequence (SEQ ID NO: 154) 
30 Human mRNA sequence (SEQ ID NO: 155) 

Human coding sequence (SEQ ID NO: 156) 

Table 29 (mouse gene: Bmi1; human gene BMI1) 
Mouse genomic sequence (SEQ ID NO: 157) 
35 Mouse mRNA sequence (SEQ ID NO: 158) 
Mouse coding sequence (SEQ ID NO: 159) 
Human genomic sequence (SEQ ID NO: 160) 
Human mRNA sequence (SEQ ID NO: 161) 
Human coding sequence (SEQ ID NO: 162) 
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Table 30 (mouse gene: Runxl; human gene RUNX1) 
Mouse genomic sequence (SEQ ID NO: 163) 
Mouse mRNA sequence (SEQ ID NO: 164) 
5 Mouse coding sequence (SEQ ID NO: 165) 

Human genomic sequence (SEQ ID NO: 166) 
Human mRNA sequence (SEQ ID NO: 167) 
Human coding sequence (SEQ ID NO: 168) 

10 Table 31 (mouse gene: H2ra; human gene IL2RA) 
Mouse genomic sequence (SEQ ID NO: 169) 
Mouse mRNA sequence (SEQ ID NO: 170) 
Mouse coding sequence (SEQ ID NO: 171) 
Human genomic sequence (SEQ ID NO: 172) 

15 Human mRNA sequence (SEQ ID NO: 173) 
Human coding sequence (SEQ ID NO: 174) 

Table 32 (mouse gene: Nfkbl; human gene NFKB1) 
Mouse genomic sequence (SEQ ID NO: 175) 
20 Mouse mRNA sequence (SEQ ID NO: 176) 
Mouse coding sequence (SEQ ID NO: 177) 
Human genomic sequence (SEQ ID NO: 178) 
Human mRNA sequence (SEQ ID NO: 179) 
Human coding sequence (SEQ ID NO: 180) 

25 

Table 33 (mouse gene: Fyn; human gene FYN) 
Mouse genomic sequence (SEQ ID NO: 181) 
Mouse mRNA sequence (SEQ ID NO: 182) 
Mouse coding sequence (SEQ ID NO: 183) 
30 Human genomic sequence (SEQ ID NO: 1 84) 
Human mRNA sequence (SEQ ID NO: 185) 
Human coding sequence (SEQ ID NO: 186) 

Table 34 (mouse gene: NfkbiH; human gene NFKBIL1) 
35 Mouse genomic sequence (SEQ ID NO: 187) 
Mouse mRNA sequence (SEQ ID NO: 188) 
Mouse coding sequence (SEQ ID NO: 189) 
Human genomic sequence (SEQ ID NO: 190) 
Human mRNA sequence (SEQ ID NO: 191) 
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Human coding sequence (SEQ ID NO: 192) 

Table 35 (mouse gene: Flt3; human gene FLT3) 
Mouse genomic sequence (SEQ ID NO: 193) 
5 Mouse mRNA sequence (SEQ ID NO: 194) 
Mouse coding sequence (SEQ ID NO: 195) 
Human genomic sequence (SEQ ID NO: 196) 
Human mRNA sequence (SEQ ID NO: 197) 
Human coding sequence (SEQ ID NO: 198) 

10 

Table 36 (mouse gene: Dntt; human gene DNTT) 
Mouse genomic sequence (SEQ ID NO: 199) 
Mouse mRNA sequence (SEQ ID NO: 200) 
Mouse coding sequence (SEQ ID NO: 201) 
15 Human genomic sequence (SEQ ID NO: 202) 
Human mRNA sequence (SEQ ID NO: 203) 
Human coding sequence (SEQ ID NO: 204) 

Table 37 (mouse gene: Znfn1a1; human gene ZNFN1A1) 
20 Mouse genomic sequence (SEQ ID NO: 205) 
Mouse mRNA sequence (SEQ ID NO: 206) 
Mouse coding sequence (SEQ ID NO: 207) 
Human genomic sequence (SEQ ID NO: 208) 
Human mRNA sequence (SEQ ID NO: 209) 
25 Human coding sequence (SEQ ID NO: 210) 

Table 38 (mouse gene: Tbx21 ; human gene TBX21) 
Mouse genomic sequence (SEQ ID NO: 211) 
Mouse mRNA sequence (SEQ ID NO: 212) 
30 Mouse coding sequence (SEQ ID NO: 213) 

Human genomic sequence (SEQ ID NO: 214) 
Human mRNA sequence (SEQ ID NO: 215) 
Human coding sequence (SEQ ID NO: 216) 

35 Table 39 (mouse gene: StatSb; human gene STAT5B) 
Mouse genomic sequence (SEQ ID NO: 217) 
Mouse mRNA sequence (SEQ ID NO: 218) 
Mouse coding sequence (SEQ ID NO: 219) 
Human genomic sequence (SEQ ID NO: 220) 
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Human mRNA sequence (SEQ ID NO: 221) 
Human coding sequence (SEQ ID NO: 222) 

Table 40 (mouse gene: Sema4d; human gene SEMA4D) 
5 Mouse genomic sequence (SEQ ID NO: 223) 
Mouse mRNA sequence (SEQ ID NO: 224) 
Mouse coding sequence (SEQ ID NO: 225) 
Human genomic sequence (SEQ ID NO: 226) 
Human mRNA sequence (SEQ ID NO: 227) 
10 Human coding sequence (SEQ ID NO: 228) 

Table 41 (mouse gene: Mdm2; human gene MDM2) 
Mouse genomic sequence (SEQ ID NO: 229) 
Mouse mRNA sequence (SEQ ID NO: 230) 
15 Mouse coding sequence (SEQ ID NO: 231) 
Human genomic sequence (SEQ ID NO: 232) 
Human mRNA sequence (SEQ ID NO: 233) 
Human coding sequence (SEQ ID NO: 234) 

20 Table 42 (mouse gene: Prlr; human gene PRLR) 
Mouse genomic sequence (SEQ ID NO: 235) 
Mouse mRNA sequence (SEQ ID NO: 236) 
Mouse coding sequence (SEQ ID NO: 237) 
Human genomic sequence (SEQ ID NO: 238) 

25 Human mRNA sequence (SEQ ID NO: 239) 
Human coding sequence (SEQ ID NO: 240) 

Table 43 (mouse gene: Topi; human gene TOP1) 
Mouse genomic sequence (SEQ ID NO: 241) 
30 Mouse mRNA sequence (SEQ ID NO: 242) 
Mouse coding sequence (SEQ ID NO: 243) 
Human genomic sequence (SEQ ID NO: 244) 
Human mRNA sequence (SEQ ID NO: 245) 
Human coding sequence (SEQ ID NO: 246) 

35 

Table 44 (mouse gene: Dusp10; human gene DUSP10) 
Mouse genomic sequence (SEQ ID NO: 247) 
Mouse mRNA sequence (SEQ ID NO: 248) 
Mouse coding sequence (SEQ ID NO: 249) 
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Human genomic sequence (SEQ ID NO: 250) 
Human mRNA sequence (SEQ ID NO: 251) 
Human coding sequence (SEQ ID NO: 252) 

5 Table 45 (mouse gene: FH1; human gene FLU) 
Mouse genomic sequence (SEQ ID NO: 253) 
Mouse mRNA sequence (SEQ ID NO: 254) 
Mouse coding sequence (SEQ ID NO: 255) 
Human genomic sequence (SEQ ID NO: 256) 
10 Human mRNA sequence (SEQ ID NO: 257) 
Human coding sequence (SEQ ID NO: 258) 

Table 46 (mouse gene: Tk2; human gene TK2) 
Mouse genomic sequence (SEQ ID NO: 259) 
15 Mouse mRNA sequence (SEQ ID NO: 260) 
Mouse coding sequence (SEQ ID NO: 261) 
Human genomic sequence (SEQ ID NO: 262) 
Human mRNA sequence (SEQ ID NO: 263) 
Human coding sequence (SEQ ID NO: 264) 

20 

Table 47 (mouse gene: NupM) 
Mouse genomic sequence (SEQ ID NO: 265) 
Mouse mRNA sequence (SEQ ID NO: 266) 
Mouse coding sequence (SEQ ID NO: 267) 
25 Human genomic sequence (SEQ ID NO: 268) 
Human mRNA sequence (SEQ ID NO: 269) 
Human coding sequence (SEQ ID NO: 270) 

Table 48 (mouse gene: Zfhxlb; human gene ZFHX1B) 
30 Mouse genomic sequence (SEQ ID NO: 271) 
Mouse mRNA sequence (SEQ ID NO: 272) 
Mouse coding sequence (SEQ ID NO: 273) 
Human genomic sequence (SEQ ID NO: 274) 
Human mRNA sequence (SEQ ID NO: 275) 
35 Human coding sequence (SEQ ID NO: 276) 

Table 49 (mouse gene: Vdad; human gene VDAC1) 
Mouse genomic sequence (SEQ ID NO: 277) 
Mouse mRNA sequence (SEQ ID NO: 278) 
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Mouse coding sequence (SEQ ID NO: 279) 
Human genomic sequence (SEQ ID NO: 280) 
Human mRNA sequence (SEQ ID NO: 281) 
Human coding sequence (SEQ ID NO: 282) 

5 

Table 50 (mouse gene: Nfatd; human gene NFATC1) 
Mouse genomic sequence (SEQ ID NO: 283) 
Mouse mRNA sequence (SEQ ID NO: 284) 
Mouse coding sequence (SEQ ID NO: 285) 
10 Human genomic sequence (SEQ ID NO: 286) 
Human mRNA sequence (SEQ ID NO: 287) 
Human coding sequence (SEQ ID NO: 288) 

Table 51 (mouse gene: Syk; human gene SYK) 
15 Mouse genomic sequence (SEQ ID NO: 289) 
Mouse mRNA sequence (SEQ ID NO: 290) 
Mouse coding sequence (SEQ ID NO: 291) 
Human genomic sequence (SEQ ID NO: 292) 
Human mRNA sequence (SEQ ID NO: 293) 
20 Human coding sequence (SEQ ID NO: 294) 

Table 52 (mouse gene: Gnb1; human gene GNB1) 
Mouse genomic sequence (SEQ ID NO: 295) 
Mouse mRNA sequence (SEQ ID NO: 296) 
25 Mouse coding sequence (SEQ ID NO: 297) 
Human genomic sequence (SEQ ID NO: 298) 
Human mRNA sequence (SEQ ID NO: 299) 
Human coding sequence (SEQ ID NO: 300). 

30 Table 53 (mouse gene: Ccnd2; human gene CCND2) 
Mouse genomic sequence (SEQ ID NO: 301) 
Mouse mRNA sequence (SEQ ID NO: 302) 
Mouse coding sequence (SEQ ID NO: 303) 
Human genomic sequence (SEQ ID NO: 304) 

35 Human mRNA sequence (SEQ ID NO: 305) 
Human coding sequence (SEQ ID NO: 306) 

Table 54 (mouse gene Tnfrsf6; human gene TNFRSF6) 
Mouse genomic sequence (SEQ ID NO: 307) 
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Mouse mRNA sequence (SEQ ID NO: 308) 
Mouse coding sequence (SEQ ID NO: 309) 
Human genomic sequence (SEQ ID NO: 310) 
Human mRNA sequence (SEQ ID NO: 311) 
5 Human coding sequence (SEQ ID NO: 312) 

Table 55 (mouse gene Irf2; human gene IRF2) 
Mouse genomic sequence (SEQ ID NO: 313) 
Mouse mRNA sequence (SEQ ID NO: 314) 
xo Mouse coding sequence (SEQ ID NO: 315) 

Human genomic sequence (SEQ ID NO: 316) 
Human mRNA sequence (SEQ ID NO: 317) 
Human coding sequence (SEQ ID NO: 318) 

15 Table 56 (mouse gene Morf; human gene: MORF) 
Mouse genomic sequence (SEQ ID NO: 319) 
Mouse mRNA sequence (SEQ ID NO: 320) 
Mouse coding sequence (SEQ ID NO: 321) 
Human genomic sequence (SEQ ID NO: 322) 

20 Human mRNA sequence (SEQ ID NO: 323) 
Human coding sequence (SEQ ID NO: 324) 

Table 57 (mouse gene: Runx3; human gene: RUNX3) 
Mouse genomic sequence (SEQ ID NO: 325) 
25 Mouse mRNA sequence (SEQ ID NO: 326) 
Mouse coding sequence (SEQ ID NO: 327) 
Human genomic sequence (SEQ ID NO: 328) 
Human mRNA sequence (SEQ ID NO:329) 
Human coding sequence (SEQ ID NO: 330) 

30 

Table 58 (mouse gene: Bcl11b; human gene: BCL11B) 
Mouse genomic sequence (SEQ ID NO: 331) 
Mouse mRNA sequence (SEQ ID NO: 332) 
Mouse coding sequence (SEQ ID NO: 333) 
35 Human genomic sequence (SEQ ID NO: 334) 
Human mRNA sequence (SEQ ID NO: 335) 
Human coding sequence (SEQ ID NO: 336) 

Table 59 (mouse gene: ArhgeM; human gene: ARHGEF1) 
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Mouse genomic sequence (SEQ ID NO: 337) 
Mouse mRNA sequence (SEQ ID NO: 338) 
Mouse coding sequence (SEQ ID NO: 339) 
Human genomic sequence (SEQ ID NO: 340) 
5 Human mRNA sequence (SEQ ID NO: 341) 
Human coding sequence (SEQ ID NO: 342) 

Table 60 (mouse gene: Ptprk; human gene: PTPRK) 
Mouse genomic sequence (SEQ ID NO: 343) 
10 Mouse mRNA sequence (SEQ ID NO: 344) 
Mouse coding sequence (SEQ ID NO: 345) 
Human genomic sequence (SEQ ID NO:346) 
Human mRNA sequence (SEQ ID NO: 347) 
Human coding sequence (SEQ ID NO: 348) 

15 

Table 61 (mouse gene: McmdS; human gene: MCM5) 
Mouse genomic sequence (SEQ ID NO: 349) 
Mouse mRNA sequence (SEQ ID NO: 350) 
Mouse coding sequence (SEQ ID NO: 351) 
20 Human genomic sequence (SEQ ID NO: 352) 
Human mRNA sequence (SEQ ID NO: 353) 
Human coding sequence (SEQ ID NO: 354) 

Table 62 (mouse gene: Matn4; human gene: MATN4) 
25 Mouse genomic sequence (SEQ ID NO: 355) 
Mouse mRNA sequence (SEQ ID NO: 356) 
Mouse coding sequence (SEQ ID NO: 357) 
Human genomic sequence (SEQ ID NO: 358) 
Human mRNA sequence (SEQ ID NO: 359) 
30 Human coding sequence (SEQ ID NO: 360) 

Table 63 (mouse gene: Tnfsfl 1 ; human gene TNFSF1 1 ) 
Mouse genomic sequence (SEQ ID NO: 361) 
Mouse mRNA sequence (SEQ ID NO: 362) 
35 Mouse coding sequence (SEQ ID NO: 363) 
Human genomic sequence (SEQ ID NO: 364) 
Human mRNA sequence (SEQ ID NO: 365) 
Human coding sequence (SEQ ID NO: 366) 

64 
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Table 64 (mouse gene: Itk; human gene ITK) 
Mouse genomic sequence (SEQ ID NO: 367) 
Mouse mRNA sequence (SEQ ID NO: 368) 
Mouse coding sequence (SEQ ID NO: 369) 
5 Human genomic sequence (SEQ ID NO: 370) 
Human mRNA sequence (SEQ ID NO: 371) 
Human coding sequence (SEQ ID NO: 372) 

Table 65 (mouse gene: Fish; human gene: N/A) 
10 Mouse genomic sequence (SEQ ID NO: 373) 
Mouse mRNA sequence (SEQ ID NO: 374) 
Mouse coding sequence (SEQ ID NO: 375) 
Human genomic sequence (SEQ ID NO: 376) 
Human mRNA sequence (SEQ ID NO: 377) 
15 Human coding sequence (SEQ ID NO: 378) 

Table 66 (mouse gene: Egr2; human gene EGR2) 
Mouse genomic sequence (SEQ ID NO: 379) 
Mouse mRNA sequence (SEQ ID NO: 380) 
20 Mouse coding sequence (SEQ ID NO: 381) 

Human genomic sequence (SEQ ID NO: 382) 
Human mRNA sequence (SEQ ID NO: 383) 
Human coding sequence (SEQ ID NO: 384) 

25 Table 67 (mouse gene: Sos1 ; human gene SOS1 ) 
Mouse genomic sequence (SEQ ID NO: 385) 
Mouse mRNA sequence (SEQ ID NO: 386) 
Mouse coding sequence (SEQ ID NO: 387) 
Human genomic sequence (SEQ ID NO: 388) 

30 Human mRNA sequence (SEQ ID NO: 389) 
Human coding sequence (SEQ ID NO: 390) 

Table 68 (mouse gene: Pou2af1; human gene POU2AF1) 
Mouse genomic sequence (SEQ ID NO: 391) 
35 Mouse mRNA sequence (SEQ ID NO: 392) 
Mouse coding sequence (SEQ ID NO: 393) 
Human genomic sequence (SEQ ID NO: 394) 
Human mRNA sequence (SEQ ID NO: 395) 
Human coding sequence (SEQ ID NO: 396) 
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Table 69 (mouse gene: Mef2c; human gene MEF2C) 
Mouse genomic sequence (SEQ ID NO: 397) 
Mouse mRNA sequence (SEQ ID NO: 398) 
5 Mouse coding sequence (SEQ ID NO: 399) 
Human genomic sequence (SEQ ID NO: 400) 
Human mRNA sequence (SEQ ID NO: 401) 
Human coding sequence (SEQ ID NO: 402) 

10 Table 70 (mouse gene: Map3k8; human gene MAP3K8) 
Mouse genomic sequence (SEQ ID NO: 403) 
Mouse mRNA sequence (SEQ ID NO: 404) 
Mouse coding sequence (SEQ ID NO: 405) 
Human genomic sequence (SEQ ID NO: 406) 

15 Human mRNA sequence (SEQ ID NO: 407) 
Human coding sequence (SEQ ID NO: 408) 

Table 71 (mouse gene: Fgfr3; human gene FGFR3) 
Mouse genomic sequence (SEQ ID NO: 409) 
20 Mouse mRNA sequence (SEQ ID NO: 410) 
Mouse coding sequence (SEQ ID NO: 411) 
Human genomic sequence (SEQ ID NO: 412) 
Human mRNA sequence (SEQ ID NO: 413) 
Human coding sequence (SEQ ID NO: 414) 

25 

Table 72 (mouse gene: Cbx8; human gene CBX8) 
Mouse genomic sequence (SEQ ID NO: 415) 
Mouse mRNA sequence (SEQ ID NO: 416) 
Mouse coding sequence (SEQ ID NO: 417) 
3 0 Human genomic sequence (SEQ ID NO: 418) 
Human mRNA sequence (SEQ ID NO: 419) 
Human coding sequence (SEQ ID NO: 420) 

Table 73 (mouse gene: Lmo2; human gene LM02) 
35 Mouse genomic sequence (SEQ ID NO: 421) 
Mouse mRNA sequence (SEQ ID NO: 422) 
Mouse coding sequence (SEQ ID NO: 423) 
Human genomic sequence (SEQ ID NO: 424) 
Human mRNA sequence (SEQ ID NO: 425) 

66 
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Human coding sequence (SEQ ID NO: 426) 

Table 74 (mouse gene: ItpM; human gene ITPR1) 
Mouse genomic sequence (SEQ ID NO: 427) 
5 Mouse mRNA sequence (SEQ ID NO: 428) 
Mouse coding sequence (SEQ ID NO: 429) 
Human genomic sequence (SEQ ID NO: 430) 
Human mRNA sequence (SEQ ID NO: 431) 
Human coding sequence (SEQ ID NO: 432) 

10 

Table 75 (mouse gene: Sell; human gene SELL) 
Mouse genomic sequence (SEQ ID NO: 433) 
Mouse mRNA sequence (SEQ ID NO: 434) 
Mouse coding sequence (SEQ ID NO: 435) 
15 Human genomic sequence (SEQ ID NO: 436) 
Human mRNA sequence (SEQ ID NO: 437) 
Human coding sequence (SEQ ID NO: 438) 

Table 76 (mouse gene: Dpt; human gene DPT) 
20 Mouse genomic sequence (SEQ ID NO: 439) 
Mouse mRNA sequence (SEQ ID NO: 440) 
Mouse coding sequence (SEQ ID NO: 441) 
Human genomic sequence (SEQ ID NO: 442) 
Human mRNA sequence (SEQ ID NO: 443) 
25 Human coding sequence (SEQ ID NO: 444) 

Table 77 (mouse gene: Pap; human gene PAP) 
Mouse genomic sequence (SEQ ID NO: 445) 
Mouse mRNA sequence (SEQ ID NO: 446) 
30 Mouse coding sequence (SEQ ID NO: 447) 
Human genomic sequence (SEQ ID NO: 448) 
Human mRNA sequence (SEQ ID NO. 449) 
Human coding sequence (SEQ ID NO: 450) 

35 Table 78 (mouse gene: Blm; human gene BLM) 
Mouse genomic sequence (SEQ ID NO: 451) 
Mouse mRNA sequence (SEQ ID NO: 452) 
Mouse coding sequence (SEQ ID NO: 453) 
Human genomic sequence (SEQ ID NO: 454) 
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Human mRNA sequence (SEQ ID NO: 455) 
Human coding sequence (SEQ ID NO: 456) 

Table 79 (mouse gene: Blii; human gene BLR1) 
5 Mouse genomic sequence (SEQ ID NO: 457) 
Mouse mRNA sequence (SEQ ID NO: 458) 
Mouse coding sequence (SEQ ID NO: 459) 
Human genomic sequence (SEQ ID NO: 460) 
Human mRNA sequence (SEQ ID NO: 461) 
xo Human coding sequence (SEQ ID NO: 462) 

Table 80 (mouse gene: Ptp4a2; human gene PTP4A2) 
Mouse genomic sequence (SEQ ID NO: 463) 
Mouse mRNA sequence (SEQ ID NO: 464) 
15 Mouse coding sequence (SEQ ID NO: 465) 

Human genomic sequence (SEQ ID NO: 466) 
Human mRNA sequence (SEQ ID NO: 467) 
Human coding sequence (SEQ ID NO: 468) 

20 Table 81 (mouse gene: Mcm3ap; human gene MCM3AP) 
Mouse genomic sequence (SEQ ID NO: 469) 
Mouse mRNA sequence (SEQ ID NO: 470) 
Mouse coding sequence (SEQ ID NO: 471) 
Human genomic sequence (SEQ ID NO: 472) 

2 5 Human mRNA sequence (SEQ ID NO: 473) 
Human coding sequence (SEQ ID NO: 474) 

Table 82 (mouse gene: Jak2; human gene JAK2) 
Mouse genomic sequence (SEQ ID NO: 475) 
30 Mouse mRNA sequence (SEQ ID NO: 476) 
Mouse coding sequence (SEQ ID NO: 477) 
Human genomic sequence (SEQ ID NO: 478) 
Human mRNA sequence (SEQ ID NO: 479) 
Human coding sequence (SEQ ID NO: 480) 

35 

Table 83 (mouse gene: Fus1; human gene FUS1) 
Mouse genomic sequence (SEQ ID NO: 481) 
Mouse mRNA sequence (SEQ ID NO: 482) 
Mouse coding sequence (SEQ ID NO: 483) 
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Human genomic sequence (SEQ ID NO: 484) 
Human mRNA sequence (SEQ ID NO: 485) 
Human coding sequence (SEQ ID NO: 486) 

5 Table 84 (mouse gene: Rassfl; human gene RASSF1) 
Mouse genomic sequence (SEQ ID NO: 487) 
Mouse mRNA sequence (SEQ ID NO: 488) 
Mouse coding sequence (SEQ ID NO: 489) 
Human genomic sequence (SEQ ID NO: 490) 
10 Human mRNA sequence (SEQ ID NO: 491) 
Human coding sequence (SEQ ID NO: 492) 

Table 85 (mouse gene: Pik3r1; human gene PIK3R1) 
Mouse genomic sequence (SEQ ID NO: 493) 
15 Mouse mRNA sequence (SEQ ID NO: 494) 
Mouse coding sequence (SEQ ID NO: 495) 
Human genomic sequence (SEQ ID NO: 496) 
Human mRNA sequence (SEQ ID NO: 497) 
Human coding sequence (SEQ ID NO: 498) 

20 

Table 86 (mouse gene: Braf; human gene BRAF) 
Mouse genomic sequence (SEQ ID NO: 499) 
Mouse mRNA sequence (SEQ ID NO: 500) 
Mouse coding sequence (SEQ ID NO: 501) 
25 Human genomic sequence (SEQ ID NO: 502) 
Human mRNA sequence (SEQ ID NO: 503) 
Human coding sequence (SEQ ID NO: 504) 

Table 87 (mouse gene: Tle3; human gene: TLE3) 
30 Mouse genomic sequence (SEQ ID NO: 505) 
Mouse mRNA sequence (SEQ ID NO: 506) 
Mouse coding sequence (SEQ ID NO: 507) 
Human genomic sequence (SEQ ID NO: 508) 
Human mRNA sequence (SEQ ID NO: 509) 
35 Human coding sequence (SEQ ID NO: 510) 

Table 88 (mouse gene: Nek2; human gene NEK2) 
Mouse genomic sequence (SEQ ID NO: 51 1) 
Mouse mRNA sequence (SEQ ID NO: 512) 
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Mouse coding sequence (SEQ ID NO: 513) 
Human genomic sequence (SEQ ID NO: 514) 
Human mRNA sequence (SEQ ID NO: 515) 
Human coding sequence (SEQ ID NO: 516) 

5 

Table 89 (mouse gene: Nr3c1; human gene NR3C1) 
Mouse genomic sequence (SEQ ID NO: 517) 
Mouse mRNA sequence (SEQ ID NO: 518) 
Mouse coding sequence (SEQ ID NO: 519) 
10 Human genomic sequence (SEQ ID NO: 520) 
Human mRNA sequence (SEQ ID NO: 521) 
Human coding sequence (SEQ ID NO: 522) 

Table 90 (mouse gene: Dad1; human gene DAD1) 
15 Mouse genomic sequence (SEQ ID NO: 523) 
Mouse mRNA sequence (SEQ ID NO: 524) 
Mouse coding sequence (SEQ ID NO: 525) 
Human genomic sequence (SEQ ID NO: 526) 
Human mRNA sequence (SEQ ID NO: 527) 
20 Human coding sequence (SEQ ID NO: 528) 

Table 91 (mouse gene: Lck; human gene LCK) 
Mouse genomic sequence (SEQ ID NO: 529) 
Mouse mRNA sequence (SEQ ID NO: 530) 
25 Mouse coding sequence (SEQ ID NO: 531) 

Human genomic sequence (SEQ ID NO: 532) 
Human mRNA sequence (SEQ ID NO: 533) 
Human coding sequence (SEQ ID NO: 534) 

30 Table 92 (mouse gene: Git2; human gene GIT2) 
Mouse genomic sequence (SEQ ID NO: 535) 
Mouse mRNA sequence (SEQ ID NO: 536) 
Mouse coding sequence (SEQ ID NO: 537) 
Human genomic sequence (SEQ ID NO: 538) 

35 Human mRNA sequence (SEQ ID NO: 539) 
Human coding sequence (SEQ ID NO: 540). 

Table 93 (mouse gene: Anp32; human gene N/A) 
Mouse genomic sequence (SEQ ID NO: 541) 
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Mouse mRNA sequence (SEQ ID NO: 542) 
Mouse coding sequence (SEQ ID NO: 543) 
Human genomic sequence (SEQ ID NO: 544) 
Human mRNA sequence (SEQ ID NO: 545) 
5 Human coding sequence (SEQ ID NO: 546). 

Table 94 (mouse gene: Map2k5; human gene MAP2K5) 
Mouse genomic sequence (SEQ ID NO: 547) 
Mouse mRNA sequence (SEQ ID NO: 548) 
10 Mouse coding sequence (SEQ ID NO: 549) 

Human genomic sequence (SEQ ID NO: 550) 
Human mRNA sequence (SEQ ID NO: 551) 
Human coding sequence (SEQ ID NO: 552). 

is Table 95 (mouse gene: Cd28; human gene CD28) 
Mouse genomic sequence (SEQ ID NO: 553) 
Mouse mRNA sequence (SEQ ID NO: 554) 
Mouse coding sequence (SEQ ID NO: 555) 
Human genomic sequence (SEQ ID NO: 556) 

20 Human mRNA sequence (SEQ ID NO: 556) 
Human coding sequence (SEQ ID NO. 558). 

Table 96 (mouse gene: Sept9; human gene Msf) 
Mouse genomic sequence (SEQ ID NO: 559) 
25 Mouse mRNA sequence (SEQ ID NO: 560) 
Mouse coding sequence (SEQ ID NO: 561) 
Human genomic sequence (SEQ ID NO: 562) 
Human mRNA sequence (SEQ ID NO: 563) 
Human coding sequence (SEQ ID NO: 564). 

30 

Table 97 (mouse gene: Fzd10; human gene FZD10) 
Mouse genomic sequence (SEQ ID NO: 565) 
Mouse mRNA sequence (SEQ ID NO: 566) 
Mouse coding sequence (SEQ ID NO: 567) 
3 5 Human genomic sequence (SEQ ID NO: 568) 
Human mRNA sequence (SEQ ID NO: 569) 
Human coding sequence (SEQ ID NO: 570). 

Table 98 (mouse gene: Calm2; human gene CALM2) 

71 



BNSDOCID: <WO 03008583A2J_> 



WO 03/008583 



PCT/US01/51291 



Mouse genomic sequence (SEQ ID NO: 571) 
Mouse mRNA sequence (SEQ ID NO: 572) 
Mouse coding sequence (SEQ ID NO: 573) 
Human genomic sequence (SEQ ID NO: 574) 
5 Human mRNA sequence (SEQ ID NO: 575) 
Human coding sequence (SEQ ID NO: 576). 

Table 99 (mouse gene: Ncf4; human gene NCF4) 
Mouse genomic sequence (SEQ ID NO: 577) 
10 Mouse mRNA sequence (SEQ ID NO: 578) 
Mouse coding sequence (SEQ ID NO: 579) 
Human genomic sequence (SEQ ID NO: 580) 
Human mRNA sequence (SEQ ID NO: 581) 
Human coding sequence (SEQ ID NO: 582). 

15 

Table 100 (mouse gene: Rac2; human gene RAC2) 
Mouse genomic sequence (SEQ ID NO: 583) 
Mouse mRNA sequence (SEQ ID NO: 584) 
Mouse coding sequence (SEQ ID NO: 585) 
20 Human genomic sequence (SEQ ID NO: 586) 
Human mRNA sequence (SEQ ID NO: 587) 
Human coding sequence (SEQ ID NO: 588). 

Table 101 (mouse gene: Mbnl; human gene MBNL) 
25 Mouse genomic sequence (SEQ ID NO: 589) 
Mouse mRNA sequence (SEQ ID NO: 590) 
Mouse coding sequence (SEQ ID NO: 591) 
Human genomic sequence (SEQ ID NO: 592) 
Human mRNA sequence (SEQ ID NO: 593) 
30 Human coding sequence (SEQ ID NO: 594). 

Table 102 (mouse gene: mCG10516; human gene N/A) 
Mouse genomic sequence (SEQ ID NO: 595) 
Mouse mRNA sequence (SEQ ID NO: 596) 
35 Mouse coding sequence (SEQ ID NO: 597) 
Human genomic sequence (SEQ ID NO: 598) 
Human mRNA sequence (SEQ ID NO: 599) 
Human coding sequence (SEQ ID NO: 600) 
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Table 103 (mouse gene: Rorc; human gene RORC) 
Mouse genomic sequence (SEQ ID NO: 601) 
Mouse mRNA sequence (SEQ ID NO: 602) 
Mouse coding sequence (SEQ ID NO: 603) 
5 Human genomic sequence (SEQ ID NO: 604) 
Human mRNA sequence (SEQ ID NO: 605) 
Human coding sequence (SEQ ID NO: 606) 

Table 104 (mouse gene mCG 15938; human gene BAT1) 
10 Mouse genomic sequence (SEQ ID NO: 607) 
Mouse mRNA sequence (SEQ ID NO: 608) 
Mouse coding sequence (SEQ ID NO: 609) 
Human genomic sequence (SEQ ID NO: 610) 
Human mRNA sequence (SEQ ID NO: 61 1) 
15 Human coding sequence (SEQ ID NO: 612) 

Table 105 (mouse gene: Iqgapl; human gene IQGAP1) 
Mouse genomic sequence (SEQ ID NO: 613) 
Mouse mRNA sequence (SEQ ID NO: 614) 
20 Mouse coding sequence (SEQ ID NO: 615) 

Human genomic sequence (SEQ ID NO: 616) 
Human mRNA sequence (SEQ ID NO: 617) 
Human coding sequence (SEQ ID NO: 618) 

25 Table 106 (mouse gene Zpf29; human gene: hCG27579) 
Mouse genomic sequence (SEQ ID NO: 619) 
Mouse mRNA sequence (SEQ ID NO: 620) 
Mouse coding sequence (SEQ ID NO: 621) 
Human genomic sequence (SEQ ID NO: 622) 

30 Human mRNA sequence (SEQ ID NO: 623) 
Human coding sequence (SEQ ID NO: 624) 

Table 107 (mouse gene: Kcnj9; human gene: KCN J9) 
Mouse genomic sequence (SEQ ID NO: 625) 
35 Mouse mRNA sequence (SEQ ID NO: 626) 
Mouse coding sequence (SEQ ID NO: 627) 
Human genomic sequence (SEQ ID NO: 628) 
Human mRNA sequence (SEQ ID NO:629) 
Human coding sequence (SEQ ID NO: 630) 
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Table 108 (mouse gene: Ppp3cc; human gene: PPP3CC) 
Mouse genomic sequence (SEQ ID NO: 631) 
Mouse mRNA sequence (SEQ ID NO: 632) 
Mouse coding sequence (SEQ ID NO: 633) 
5 Human genomic sequence (SEQ ID NO: 634) 
Human mRNA sequence (SEQ ID NO: 635) 
Human coding sequence (SEQ ID NO: 636) 

Table 109 (mouse gene: mCG9110; human gene: hCG27579) 
10 Mouse genomic sequence (SEQ ID NO: 637) 

Mouse mRNA sequence (SEQ ID NO: 638) 

Mouse coding sequence (SEQ ID NO: 639) 

Human genomic sequence (SEQ ID NO: 640) 

Human mRNA sequence (SEQ ID NO: 641) 
is Human coding sequence (SEQ ID NO: 642) 

Table 110 (mouse gene: mCG2257; human gene: PRDM11) 
Mouse genomic sequence (SEQ ID NO: 643) 
Mouse mRNA sequence (SEQ ID NO: 644) 
20 Mouse coding sequence (SEQ ID NO: 645) 

Human genomic sequence (SEQ ID NO: 646) 
Human mRNA sequence (SEQ ID NO: 647) 
Human coding sequence (SEQ ID NO: 648) 

25 Table 1 1 1 (mouse gene: mCG17918; human gene: hCG23764) 

Mouse genomic sequence (SEQ ID NO: 649) 

Mouse mRNA sequence (SEQ ID NO: 650) 

Mouse coding sequence (SEQ ID NO: 651) 

Human genomic sequence (SEQ ID NO: 652) 
30 Human mRNA sequence (SEQ ID NO: 653) 

Human coding sequence (SEQ ID NO: 654) 



Table 112 (mouse gene: Lfhg; human gene: LFNG) 
Mouse genomic sequence (SEQ ID NO: 655) 
35 Mouse mRNA sequence (SEQ ID NO: 656) 
Mouse coding sequence (SEQ ID NO: 657) 
Human genomic sequence (SEQ ID NO: 658) 
Human mRNA sequence (SEQ ID NO: 659) 
Human coding sequence (SEQ ID NO: 660). 
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Table 1 



MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000619 


GATCAAAGCAATCTCTATGTCTTTCTCTGCTG 

TCCTCCTCAGACATCTCCAGAGAGCTGGGAT 

ATTTTTCTTTCCCATTTGAGATTATGAAGTTG 

TTTCTAGAGTGCATGACGCAGGTTGAAGGAT 

AAGTACACAGGTCCCAAGGAACCAAGCGTTT 

TCACTGACGGTGATGAGTCTTGTTCGTGAGA 

TTGTTGTGATTCTCAGCCTTTCTCTTCCCCTG 

TGTGTGCTCTTCATTTTCTGGTTCTGTCTGCC 

TAGCACCTCCTGGGGAAGCTGCTGTGCTTT 


P000632 


A 


Spr 


IM000620 


GATCTTTGGAGCCCAGTTGTTAATCATAAGA 
GCTGATAI I 1 1 GAAAGAGTGTGTCAACCTAG 
ATGCACAGGGAAGCCAAAGCATTCAGCC 


P000633 


D 


— 


IM000621 


ATATGACCACAAGGAAATAAGATAAAGTGTT 
CATACTGAATTTATAATGAAAAGTGATC 


P000634 


C 




IM000622 


GAACAGGCATGGCTTTACTTGTACAATGAGG 

AAACCAAGGCAGAGATTGCAAAGCGGGTCC 

TACACGTTTGCTCCATGCCCTGCTTCTCTGA 

CCACAGTGTACTGAGAATATGCTGAGCCCTA 

GTTCCTGGG GAGG AGGCAGAAGAGAGC AGC 

ATCCTGCCCACTTGAAGGCGTGCACACATAG 

TTCCTGTCTGATC 


P000638 


D 




IM000623 


GATCAGGAGACCACACCCAGCTAGCCTTCTC 

TGACTGGGTATCCTTGGTCAGCCAGCCTTTC 

TTCACCTCATGTTCTCATTTGCAAACTCACAT 

GAACACTATTTGACCTACACACTTCATAAAGC 

TGTTTTTAGAAAGACGAGATAATACAGGAGG 

AACGCTACAATATTAAATGATATGTATTTATA 

T 


P000639 


D 




IM000624 


AGTGTTTAGGTCAGCTGGTGCAGGAGAAGC 
TTCTTGAGGAAGACGACCATCTGGCAAGGC 
CTGATGGTAGAAAATAATGGACTTCTCTCCA 
ACTGAGTAGGAACTTGATGATC 


p000640 


D 


— 


IM000625 


ATCAGTAAGTTAATCCTAAGAATTACTATGCA 

Illl ICCCCTCIT 1 I 1 TAACAACATTCCTCCTT 

AGCTTATATGAGGCTCTAGTGCCCGGAGACT 

TTAATACTGCCCTAACATGATGGTGGCTCTTT 

GTCCCTCTTTCTCAGCCACTGAAATCTGACA 

GTTTGGGGAAGAATAATAAGAATTTAAGAAA 

CTAGATGGTTTTAAATATAGATATAAAAACAG 

TTCTTCGACTATTCTCAATAAAGAAATTCAGT 

CAAAAGAATTTCAGTCCTAACACAATGATC 


P000641 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000626 


GATCATCAGAGTCCTGCATCTTATGTGTGCA 
GTGTTTTCAGCAATACAGGCTTACCTTCAAC 
CTCTAACAGGCAACCAGATGCTACAATAGCT 
TATATTGT7TTAGAAATCACTTGGACTACTCT 

CTGATACTGGAGTTTGTTAGTCTATGACACTT 

GTGGGGAGACATGTCTGCACAAGTAGCATAT 

GTGTGTACATGTATATTGTATACATATATAGT 

TTTGCTCTATGTATGTATGTGTATATGTATGT 

ATGTATATGTATATGTATGTATATATATAG 


P000642 


D 


— 


IM000627 


AAGGGACCTGATAATCGTGTTGGCAACTGG 
GCTACAATTAGTTATCAATTGCTTGCTTGCCA 

GGGAGTGTGGAGGAATAGCGGAGTCATCTA 
AACACATCACTGCTGCCCCCACCATTTGCCT 
GCCACCAGGCCCCTGCCTTTCAI 1 1 IGCATT 
TCTCCCTCTTACAAGCAAATGGCGCTCACTG 
ATC 


P000643 


D 




IM000628 


GTTTGGGGATTGTACAGAATGCACAGCGTAG 
TATTCAGGAAAAAGGAAACTGGGAAATTAAT 
GTATAAATTAAAATC AG CTTTTAATTAG CTTA 
ACACACACATACGAAGGCAAAAATGTAACGT 
TACTTTGATC 


p000644 


K 


Myc 


IM000629 


GATCTCATTACAGATGGTTGTGAGCTACCAT 
GTGG 


P000647 


R 




IM000630 


OATrTPAPPAPPPAPrPA^ArtAPTPArirAT 

GGACTCAAATGAGTACCCTGGCAGCCCGCA 

ACACCAGCTGTGTAACACTACCGTGAGGGAT 

GTCTTCCCTGCCTCCCTCCAGCCCCTTCTCA 

GGCCCTGAGTCCAGTGTGCAAAGCTCATCAT 

GGTTAGTCCCCTTCACCT 


P000649 


K 


Gfi1 


IM000631 


AGAGCACCCGACTGGTCTTCCGAAGGTCCA 

GAGTTCAAATCCCAGCAACCACATGGTGGCT 

CACAACCATCCGTAACAAGATC 


p000650 


R 




IM000632 


GATCAAATCCTGTCAGGGAGAGGGGCTCCT 

CCCAGTAGTGCCATCCCATAATAATAAGAAG 

GACTCCTGGGCCTCAGTGAAGTCAGGCTGA 

CCACTACTGCAGGTTAGTCATGACCAGTAGC 

CAGAATGGAACGAAGGGTGACCCAGTGTGA 

GGACACAGCCCCAGGCAACTGCTTCTGCTTT 

GAGCCAAGTTGTTACCCCAAAGCTCGTCATT 

CCGCTTGGTTTCTCATGTGTGTGAGCTGCAC 

ATATGGAGGTCCCCCTTTGTTCCCTT 


P000651 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000633 


GTGAGGAAGGTCCCTCTGCATTCTAACCTTC 

CTCAACTCCACCAGCCTCGGCGTTTAAGGGA 

GAAATATTACCGTTCCCTTTGGGCCAAGTTG 

GAGCCAGTGAAGTAGTCGGAAATGTACAGTC 

ACAGGAAATTGGTGCTACCAAGGCTGGAGG 

AACAAAGAGAAGACTTGTCACAAGAGGCCAG 

AGAGGAAGTCACCCAGTACAAACTGAAGCG 

CGCGCGCACACACACACACACACACACACA 

CACGCACACACACACACACACGATC 


P000652 


D 




IM000634 


TGGCCGCCTAGACAAGCTGACCATCACCTC 

CCAGAACCTGCAACTGGAGAGCCTTCGCAT 

GAAGCTTCCGAAATGTGCGTGCTCCACCTGT 

CCCTCACCTCACAGACATCATTTCTCCATTTA 

GCCCCTCCCGATC 


P000654 


A 


// 


IM000635 


GATCCCCTGGAATTTACAGTCGGTTCCAACA 
ATCATGTAGATG 


p000656 


C 




IM000636 


GATCGGCTATAGCATTTGTCAATGTTTACCCA 

GAAGAATAGCACAGATATATTTGCACATCAAT 

GCTTATTGCAGTATTATTCACAGTGGCTATGT 

AATGGAACCAACCTACATGGCCAGCAACTGA 

ATAGATTAAGAAAATATATATACACAATGGTG 

CI III f T CGGCTATAAAGAAGAATGAAGTTAT 

GTTGTTTGTTAGAAGATGGATGAAAGTGGAG 

ATGATAATATCAAGTGCACAGTCAACCTCTCT 

CTCTCACCTCCCCCGCCCCGCTCTTTCTCTC 

TCATATACATTTGAGAGTAGCAGTAAACTGTC 

TY^Af^AAPAAAf^Gf^ATTAATGGGAGGGGAG 

AAGATTAAGGAGCGGAAGGGTAGTAGGTAG 
TAT 


P000659 


A 


Cr2 


IM000637 


GATCGGCTTCTATGGACTGAGTGTGTAAGAA 
AACATT 


P000661 


D 




IM000638 


TTAGGAGGGTAGAGAACATTCAGGAATCAAG 

AACAAGCATTTTAACACCCACTGAGCTATCC 

TGTGGATGGTGGTGGTTTTGTTTGTTTGTTG 

GTTTTGTTTTAGGAAGTCAGGGATGGGGTGG 

GAATCTCACTCTGTGGCTTAGACTTGCAACA 

ATCCCAAATTCTGGAATGATAAGCAAGAGAG 

CTGTCTAGTCCCAGTCTCAGATACATGCTGT 

TAATTTTCTACTACTGCTATAACACATAGGCT 

CAAATGCGGTGGCTTACCTAACACACCCTGT 

GCAGTTCTGAAAGTCGTAACTCTGGCACGAT 

C 


P000662 


D 




IM000639 


ATGCTAAGCTGTGACTCCTCTCGATACGAGA 
CCCTGGCTGCCCTCCTTTCCCGATC 


p000663 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000640 


GATCGTCTGGAAGAGCAGTCAGTATTCTTAA 
CTGCTGAGCCATCTTTGCAGCCCCCAGTTCT 
TTGGGG1 1 1 1 1 1 GTTTGTTTGTTTGGTTGGTT 

GACAGGGTTTCTCTGTGTTGCCCTGGATGTC 

CTGGAACTCTCTTTGTAGACCAGGGTGGCCT 

TTAACTCACAGAAATGCGCCTGCTAGGATTA 

AAGCTGTGTCCCACCACTATATATATATGTGT 

G 


P000665 


R 




IM000641 


GTCACAGTGTTAGAGCCACAGACGGGGGAA 
CCTACTGGCTGTCCTGGGTTCCTGTAAACTA 
GGGGACAAAGCTGCCACAGCCAGACTTAGC 
TGCGATC 


P000666 


D 




IM000642 


GATCGCTGCTTCTGTAAATCCGCAACGACAA 
TTGTTATCTTCTCCTTTTCTTTCTTTTATTTGT 
TTTATTCTATTTTA 1 1 1 1 1 CAGATGAACTCTCA 
TGTAGCCCAGGCTGGTCTCAAACTCCCTCTG 
TAGCTGACGGCAACCTTGAAC 


P000668 


R 




IM000643 


TTCCTACACCATAGCATTTAGTTGTAGGCAG 
AAGCGATC 


P000669 


D 


— 


IM000644 


GATCGGCTCAAGGGCTCTAATTTAGTCTAGG 

AAGTCCTTAGG AAAC ATG AAAATCTC C GAGA 

TAAGACCCGGGGTAAAAAGCTTGAGCCACG 

GAGTTAGACATGCCCAGGGTGGAGTCATGTT 

CAGAGGTTCAAGACCCGAATCAGCTACGTAA 

ATAAAGCATTTGAGGCCTACCTGGGCTACAA 

GAGAGTATCTTTAAATAAATAAGATGATTTAA 

AAAAAACTGI 1 1 1 CCCCTTAGATGGATTAAAA 

AAACAAGACAAAACAAAACAAAACAAAAACC 

CGTCTTTCCTTCTTAA 


P000672 


D 




IM000645 


CTGTCCGTGTGGGAAACGTTTAGCAAGTCCG 
AGCGTGTTCGATC 1 


P000673 


K 


Nmyc 


IM000646 


ATGCGTTCGTATGACAGTTCTCCAAATGACT 

ftTP P P A A A ATP P P A ft ATTP PTA CI A A A P A fST A 

AAGACTGCCTCAAACTGTAGTCACTAGTCTA 
TTATCTTAATCATAGTAACCATTTGGGTTTGA 
CTTGAAAACCTGTGACAGGGAGATAAATTTC 
TGCCACTGTAGGTGAAGCTTGGAAGGGCTA 
ACCCAATGAATATGCTCAGTCGATC \ 


P000676 


C 
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WO 03/008583 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000647 


AGATGAAGCTATCCCCAGTCCCTAAGCTGAG 

TTCTGCCTGAGACTATTTGAAACAGGGTACC 

CCTGGGTCCCAGTTCAGTTGACAGGTAGTG 

GACGCATGAGAACGCCATACCTGGTGGCCG 

TGCCCGAGAGTGCTGTCCCTGACCTGCCAC 

TGTGTTCTCCAGAGCAGCTTTCCAATCTGCC 

TGCTCCTGTCTCCCCTGCCTGTTGGCACCAG 

GCAGCCAGAATTCCATTTGTTTGTTTGCTTCG 

CGATAGGCTCTTGCCATGTAGTCCTTCCTGG 

CCTAGAACTTGATATGTAGACTTCCCCCCTT 

GGATC 


P000678 


C 




IM000648 


CCGTGTCCGTGGGCATGTGCGTGTACAGAC 
AGACATACATGCCCCCGCATGAGTGTGAACA 
CCAGAGGTCAACCTCAGGTGTCCTTTTGATG 
TTATCTACCTTG l I I I 1 1 GAAGCAAGGTCTAG 
GATTGACCAATGAGCCCCAAGTAGGGATC 


□000679 


D 




IM000649 


GATCCATAGGCAGAGAAGGCAGTAATAGGA 
CATTGGTCATTGTACCTCATTTGTGAGGGGT 
CACCTTGGAAATGTGCTGAGACTAGGTTCTA 
GGAGAAGCTCGCCA 


P000682 


D 




IM000650 


CTGGCACTGTGTGGCAGAAACAGTGAACAG 
TGTAGCGGTGCAGAATGTGTGTGCTGTGGG 
1 1 1 1 AGCACCAGGGCTGCATGAGACTGCAGA 
CATGCTTATGACGCAGGAAGGCTCAGGACA 
CAGCACACATGTGTGCTAACATACATGTTTC 
ACCTCAGACTCAGCTCCCATTTGAC 1 1 1 IAAT 
TAAI 1 \ 1 1 GGCCATTCCACAACAGAACCTTTT 
CTTGCTCCC I Nil 1 CAATCTTATGTATATATC 
TCCTACATTTAGTTACAGGACTGTGACCTAC 
AGTTTAAAACTCGGGGATC 


P000684 


D 




IM000651 


GAICCCICCCCICCCI ICM 1 1 ICCCGCCAA 

GCGTCGGCGAAGCCCTGCCCTTCAGGAGGC 

AGGAGGGGAGCTGAGTGAGGCGAGTCGGA 

CCCAGCAGCTGAGAGCAGCGCAGCCCAGG 

GGTCCTCGGCCGCGCAGACCCCCGGAATAA 


P000685 


K 


Myc 


IM000652 


CTACCACAGCCCCAGTGCTCTGGAGGGACT 

CTAGTAGCCAGGGCTGGCAGCTTGGTTTGG 

GCCAGCATCTCACTATGTAGCCTAGTTGTCC 

TGGAATTTGCTATGTAAATGTGGCTACCCTC 

AAACTCATAGAGAGCCTCCCACCTCTCCTGA 

GATTATAGGCACATGCTACCATGCCCTAAGT 

GGATC 


P000686 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000653 


GGAGCAGGCCCTTCTGAATCAACTTGGCAG 

AGTGAAGGAGGCACTCTCCACACAAACAGG 

AAAAGGGCAGTGGTGACTTTCTAGGCAGGG 

AACTGGTTACATTTTGTTTATTTGAAGGTGAA 

GAGTCGTGACATTCTGGGAAATAGGCAAGAT 

GGCCGTTTCCCCTCAGCTACAACCAGCCATG 

CAGACCTCCTTGCAGGGACCTGGCTATCTAC 

ACTGGAACCAGAAAGGCACGCCCTGCTTTA 

GCCTCAGGCAGAACGATAATAACAGCGTGCT 

AGCTCAGTAGTCTGTGTGCTGGAAGGGTTTA 

TGAGGAGGAAGTCCGCAATTACATATTTCTG 

GGCAAACATTAACCAAGATTGAAACCTAGAT 

TTGAAGAGAAGTAGCAGGCTGGGATC 


P000687 


D 




IM000654 


AGATGAACTTATAAATGCATCTGCAGTCCTC 

AAATAAAGATGAATAGTAACCCAG AGGC GTG 

GTAGTGCGCTCTTCAAACCCAGTGCTCAGAA 

GGTGCAAACAAAAGGACCGGGAGTCCAAGG 

CTAGCCTTGACTAGAAGGGGCCATGTCTCAA 

AGAACAACAACCAAGAGCTGCTTATGGAGGT 

CAGTCTGTGTTCCCAGGGGGACAGCATCAG 

TCTAAGTTGGCGGTTGTTGTTGGCTGAGCAT 

GCACAAATCCCTAACAGCACATAAAGCAAGT 

TGTGTCACACACTCACAGTGCCCAGATTCAC 

TGGATC 


P000688 


B 


Mm. 131 33 
6 


IM000655 


GTCCATTGTGTACTGAGAGAGGAGTTAGGTT 
TAGAAAGCCTTCCTCAGATGTCCCTCAAAGA 
AGCTGCTACAACTGCCCTCATCCCACGTTGC 
CAAGGATC 


P000689 


D 




IM000656 


AGCTGTAGGGAAGCCCAAAGCACAGACGAC 

TGCTGCTGCTGCTGCGGTTCCCACTCTGGGT 

TGACCTTAGAAACGGGGGTTCATCTCCTCCA 

GCAGCTCCGGGAAGGAAGGTGAAGGGGACT 

AACCATGATGAGC 1 1 1 GCACACTGGACTCAG 

GGCCTGAGAAGGGGCTGGAGGGAGGCAGG 

GAAGACATCCCTCACGGTAGTGTTACACAGC 

TGGCGTTGCGGGCTGCCAGGGTACTCATTT 

GAGTCCATGCTGAGTCTCTCGGTGCCTCCTG 

AGATC 


P000694 


K 


Gfi1 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000657 


GATCGCCCCAGTTACCTCAAATTGTGTGAGT 

GTGTGTGTGTGTGTGTATGCATATATGCATA 

CAAGCATATACATGCATGCATATATATAATAC 

ACATAGACATATATACACACATATAGACGCAT 

ACATGCATTTGTATGCATGCATCTATGTATGT 

ACATATCCACAACCAAATATACCAAACACGC 

AGACACAGCACACATAGGACAATAGTAATTG 

TGAATCTAACTGGTGGGGTTTATGGGTCAAG 

AGCCAGGGTAGAGGAAACTGGCTAAGGCTC 

TAACCATCCTAGAGCAGGCACATCTACCAGG 

AAAAGAAACAAGGAAAAGAGCAGAGTTGAG 

GGTTACTTAACATG 


P000695 


D 




IM000658 


ACAGAATCTGTGGGTCATTATTACGTTTATAG 
GAACAGGA 1 1 1 1 CTTTCCTTTCTGACTCTACC 
TTCTAGAAAGGCCGAC I 1 1 I AAATCCTCATG 
CTCTTGTCTATTGACAGGAAAAGATGGGCTT 
CCACACTGATC 


P000700 


D 




IM000659 


GATCAGGCTGGCCTTGAACTCACAGAGACC 

CACCTGCCTCTGCCTCCTGCATGCTGGGATT 

AAAGGTGTGTGCCACCACTGCCCAGCTCAC 

AAAGTAGTAGTAGGACTAGTACTAGTACTAA 

TAATAACAAACATTACAACAATCTTAATTATTT 

TTGTTTCTACCTTTAAAATCTCCCAACTGTCT 

TTTTATATTGCCTCAAGTCTTCCCTCAGTCCC 

TGGCCTTCATAGCTTGAC 1 1 1 II 1 GCTAGAG 

GTTATCAGTGGCTCATCTCTCTCCTGAGATT 

GAGCTGGCTAAGACCACTATTCAGAGGGAG 

AATGTAATGTCTCAGACATCATAGCCAGTCC 

TCAGTTCTCCTTTTGCTGACTGACCACTTTGC 

CAAACTAGI 1 I 1 CCTAAGCCATACCTTTTCTT 

TTTAAAAAATAGTCTTTCTTATAGTGGGTGCT 

GGCTTTGAACTTCTGTCCTCTTGCCTCACCTT 

GCACTGGTAGTAGAGGCTTGCAATTTCACCG 


P000702 


c ! 


- 


IM000660 


GATCAAGAACGAAACCCCTGAAAACATAAAA 

CAGTAAGATAACAATAGCGTGCCTGATTTTG 

TCCAAACCTTCTTGTCACCTGTCACTGAGATT 

GTCAACTCCI 1 1 1 CACCACCCTACATACGTTA 

GTTAGCTCAGTTTACGAGAGTTTGCAAAGGC 

CCCCACCAGTACCCTGCAACTTTACCCACCC 

CTGCATGGGACTGTGAGAAAATGGGACTGG 

AGAGTAACCCTCTTCAGGCTCACAATCTGAG 

CTAGTCAGAGCATCTCACGGGTCCCGGGAC 

TTTCAGTGTGCTTTCCTCTTGGGTATTGGACT 

TTAAACAATGTGTACCGATATGGGTGAATAAT 

ACAACATCCATGGAGAAATAAGCCAAATCAA 

GACACTTCTTCAGAGG 


P000703 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000661 


GATCAAAAACATCAACGTAAGGAGCCCTTAA 

TGACGCTTTGTGACGGTTTAGAATGGTCTAC 

CCAAACCTAGCCAAGTCTAACTATGTTATGG 

AGGTGGTAAAAGCAGTTAACCTAAACATCTG 

GGACACTCACAGAATGATAGGTAGGTAGGTA 

GATAGATAGATAGATAGATAGATAGATAGAT 

AGACAGACAGACAGACAGATGTTGAATAAAA 

AGTGACGTTTACAGTGATGTTAGCTCAAGGC 

AGGGCTTTTCAGGCCATTTCCCCTGGTCTCA 

CCC 


P000704 


D 




IM000662 \ 


CTACTAAGTCCAGAGCAGAGAAGGAGGCGC 
CGCCTGTGTGCACAGCGGAGTCTGGGAGAG 
ACCACCGGCCCAAACCAGTAAACACAGGGC 
ACCCACCGTGCTCCGATC 


P000706 


D 


— 


IM000663 


ACAGTAATCTGATTATCTTGCAGTAGATAATT 

TGTCTACCTGTTAATGACTCTGCTTCTTGAAC 

TACGTCCCAGTAGATGCCATGCTTTCAGCCT 

GGTAAGTGACACTAATACTACCTCCAAACTG 

TCACTTGGATTGTCAGGGTTTTGGTGTGGTG 

ATGATACAGGAGAAATGTAAAACACGGAGTT 

GATGATAGAAAGGAGTCACTAATACA I I I I CT 

TAGGAAAAGTCAAGTGACACACAGCAGAATC 

TAGCTGAAGGAGCTCCGCCAATAGGGCTGG 

AAGATAACTCTCGCACTAACCTGCTTTATTAG 

GAACTGTAGGAAAGGCAGGTCTGCAGCACA 

GTTGAAGTTTAGGTTGCTGAGAAAGTTTCTG 

CTCATATTTATTCACCAGTGATGATC 


P000708 


D 




IM000664 


GTTTAGC AAGTCC GAGCGTGTTCGATC 


P000709 


K 


Nmyc 


IM000665 


AGGCAAACCCATGTGAGGCCTTCTCACATCT 

TTCCTTGGATGCCTGCACACACCTGAGTTGA 

CAGACTTCAAATCAGACTTATCAACTCACCTC 

TTCAGTCCTGGGCCTCTTCCTGTATTTCAATC 

TTAGATAGAAAATTGGTTCCACTGTCTACCA 

GCCTTGAACCAGGAATGCAGAGCCAACCAC 

CCCTGGGGTGTCCCAGGCAGCTGGGCTGGA 

TGCTACCTGTCATGCTCTTGATC 


P000710 


C 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000666 


ATGTATGAGTGTGGGGCTGGGTTTGAACCTG 

TGTCACCTTAGGACTCTCTGAACCTCGGTTT 

CCTATTAGACGGAGGGGCTATTCGGAGTCCT 

CATCTAATGGAGACACTTTGTGGGTATCAGA 

GGGCAACACTGTGGTATTGGGGGTGGGGGG 

TTGCTGCTTAGAGCTCAGAGAAGAGGAGTTT 

GGCTTGCTCTACAGAACATGCAGGCTGAGG 

TGTGGGTGCAGGGTTTCCCTGAGGCCCCGG 

CTCTGACCCTCTCCCCACTCCATTTCCTGCG 

CAGGTGAGCGACAAACGTTCCAACAGCTTCC 

GCCAGGCCATCCTTCAGGGAAACCGCAGGC 

TGAGCAGCAAGGCCCTGCTGGAGGAGAAGG 

GGCTGAGCCTCTCTCAGCGGCTCATCCGCC 

ACGTGGCCTACGAGACTCTGCCCCGGGAGA 

TTGACCGCAAGTGGTACTATGACAGCTACAC 

CTGCTGCCTCCGCCCGGTTCATGATC 


p000711 


C 


— 


IM000667 


GAT CAT 1 1 MCICICGAGAIGGAI IAAAGCIA 

TGCTGCAGAAGGACCCGTGTGTGTCCTGTGT 

GTGTGTGTCCTCGCCGGCGAGACTCCTTATC 

ACACATGACAGCTTCAAAGCCCCCAGATTCA 

ATAGGTTCCAGGAGTTCACATTTAACACTCAT 

GGGGTCAAAGTGCAGGCAGATGGTGGAGCC 

TGTGGAAGGTCATCAGACAAACAACCTGGTG 

GTTGCAGCAGAAATCACCAGGCAAGTAG 


P000712 


R 




IM000668 


GATCTGGCTAGCAGGGAGCCATTTACAGCTC 
AGACATCTATCATCCTTA ! 


P000713 


D 




IM000669 


GATCATTGTACCTCACCTGTCAGTTTGACAG 

GTGGGAGGTGATATCTC 1 J 1 1 CATTCATGTAT 

TCTTTGAAAGTTTGTTCATGCATATAATACAT 

TCTGGTTCAATTCACCACTCCACCCTTTTGTA 

TCCCCTGCGTACCGAGCCCCCATTTTCTCAC 

CAAGTCTTACTGTTATCTCAGTTTTGGGGCTT 

AGM 1 1 1 IGI 1 IGICI IGM 1 IGMGriT 1 TGA 

AACAGGGTCCCGTTATGCAGCCCTGGCCCT 

GAACTTGCTAAATAAACCAGGTTGGCTTTGA 

ATTCAGAGTTCTGCACACCTCTGTTACCCAA 

GTGCTCAGATTAAAGGCGTATACTACCAC 


P000714 


C 


— 


IM000670 


GATCAATTCAATCTATTGCAATAACCTGGTTT 

1 1 1 1 1 1 1 CCGCAACTCCAAGATGGGGGGGGG 

GGGGCCCAGTCAGGAGAGGTTTCAACACAA 

ACGCACTAGTATTTACACACAGAATCTCCTC 

CACTGTTCTTCTTCTTTGCTTTAAAAGTCTTT 

GTTCCGGAATCTATAGATAGGGAGACAGATG 

GCTAGCTCCCCAAGGCTGAGAGCAGAGGAG 

AGTATAAACAGGGAAGTCAAGGGGTCTGGG 

AGGGCAAGGTAAGGAAGCCACAG 


P000715 


D 
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MUTATION 


SEQUENCE 


CLONE 


CLASS. 


GENE 


IM000671 


CAATGCCTTCCCCGCGAGATGGAGTGGCTG 
TTTATCCCTAAGTGGCTCTCCAAGTATACGT 
GGCAGTGAGTTGCCGAGCAATTTTAATAAAA 
TTCCAGACATCG I I I I I CCTGCATAGACCTCA 
TCTGCGGTTGATC 


P000716 


K 


Myc 


IM000672 


TAGTATTCAGGAAAAAGGAAACTGGGAAATT 
AATGTATAAATTAAAATCAGCTTTTAATTAGC 
TTAACACACACATACGAAGGCAAAAATGTAA 
CGTTACTTTGATC 


P000718 


K 


Myc 


IM000673 


GATCAGAAAAACAGCCCATTATTCAAGATTC 
AGGT 


P000719 


D 




IM000674 


TAACTTCAATTTAATAATTATCACATGCTAGG 

AACTAAAGAGGTGCACAAAACAAACCAACAG 

TGGTTCCTATCCTGTCTAACAGAAGAAACTA 

CAATTGTGGTTTGGGATGCCACATAAATGAC 

AGCAACGGGACCTACAGAAAATTAAGTCACA 

GAGAGAATGGACCATTTCTGCAGAGACCTG 

GAAAACAGACAAGGGAAGAAACATGGTGTGT 

CTAAGTGATGGGGCAGGTGGTGCAAACGCT 

AGAGGCAAGCAGAGGGGATATGAAACTGTG 

CTGCACAGCTGGACAGAAGGGAGGCTGGAA 

GGGAAGAGAGGACCCTCTGTTTTGACTCAAT 

GGCTAGATGCCATGTGCCAAATAAGAAAGCA 

CTTGGGGGGTTCTGTGGGAAATCGGAACAG 

AGGGACTGGAATCAAACCTCAACGTTCCTTG 

CATACTCCAGATAAGAACCAGGCTTTGAGCC 

AGGGCCTGGGAAGAGGGCTGGCCTACATAT 

CTCATTTTAGAGATGAGCAAACAGGACTGGG 

AGCTCTAGGTCTTCAGTGACACGCTTGCTTG 

GCCCGCAGGAGACCCTGGGTTTGATC 


P000720 


D 




IM000675 


GATCATGTCATGGGTCAACAGAAATAATTCT 

GAAAGGCTAAGTCATTTCTTCTACCCCCAAG 

AAAAATCAAGAACACCCCACATTACAAACCTT 

CCGTAGTAAACTGAGAATGGAGCCATGGCC 

AGAGCCCCTCTGCTCTCCCATCCCCCAACCA 

AGAACCAAAC 


P000721 


D 




IM000676 


AIAIAACI I C 1 I I II II I IAAAAAAGAAITAI 1 

TATTTTATGTATATAAGTTCCTTATAGCTGTAT 

TCAGAGACGCCAGAAGAGAGCATCTGATC 


P000722 


R 


— 


IM000677 


GATCATAGCACACTGGGGTGCCATCTGTCAC 
CCCTAGACAAACATCTTTAACCNGCATCTCTT 
CCTGAAGCCCACTTGGACCACCCTTTGGAAA 
a p p atp a p p a a CnCzr* p a cxt a a a czr a p p p cvtcz 

GTGACTCACCTCAGCCTAGCCCACCATAGAC 

GCTTAGCAGAGCAGGTGTGTGTAAGTCAGA 

GCCAGACAATCAGAACACTCTCCCTGCTCCA 

AAGTAGCAATGTAAAAAATTGAACCCAAAGTT 

G 


P000724 


D 
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GENE 


IM000678 


GATCAAAGTAACGTTACAI 1 1 1 IGCCI ICGI A 

TGTGTGTGCTAAGCTAATTAAAAGCTGATTTT 

AATTTATACATTAATTTCCCAGTTTCC 1 1 1 II C 

CTGAATACTACGCTGTGCATTCTGTACAATC 

CCCAAACGTATACATACACACTTTATATATAC 

ACGATAATCTAGCTTATTAACCAACCAGAAAC 

ATGAGTCTTTTGCTCTGTGCATTGGTTCTAGA 

TTTATTATATAATGCATATTCCCTCGGGATTT 

GCTTATCC 


P000727 


K 


Myc 


IM000679 


GATCATTTGATGCTTCAGATAAATATGTAAAT 
GGTGAC 


P000728 


B 


Mm. 12788 
1 


IM000680 


GATCAAGATAATCCCCCACAGGCATGCCCAG 

AGGCCCATTTCCTAGGTGAGACTATAGTCTG 

TCAAGTTGACAATGCTAACCATTGCAGTGAG 

GGAGAGAAAGAAGGCCAGGATGGTGCCTCT 

CTGTTACTCTGCTTACCCACGGGGTGCAAGG 

ACAGTGGGGGATGGGCCTGAGCTTCCTCAT 

GAACACACACATGAGAGCAGTCAGCACATG 

GCCTCTTCCTCTAAGCTTCACAGTGGCAGCC 

GCACCTCTGCTGTTAAGACCTAACATGTGGC 

CGGGCAGTGGTGGCACACGCCTTTAATCCC 

AGCACTCGGGAGGCAGAGGCAGGTGGATTT 

CTGAGTTCGAGGCCAGCCTGGTCTCCAGAG 

TGAGTTCCAGGACAGCCAGGGCTACACAGA 

GAAACCCTGTCTTGAAAAACCAAAACCAAAA 

CCAACCAACCAACCAACCAAACAAACCATCT 

AACATGTACATCCTATCCATGTGCACGAATC 

ATAC 


P000729 


R 




IM000681 


AGACCAGTGCCGGAGCCGTTCCTGGCTGAG 

GCAGCCCAAGTCCTTGAAGAGCTTGAAGAG 

GTCGCTGCGGAACTTGACGCCGATGAAGGC 

ATACAAGAAAGGGTTGACGCAGCAGCGGAC 

GGAGGCCAGGCTGTAGGTGACGTCATAGGC 

AATGTTGAGCTGCTTGCTGGTTTCGCAGCTG 

CTATTGGTGATGTTGAAGTtGGCCACCGTCT 

GAGCCAGGACCACCCCATTGTAGGGCAGCT 

GGAAGACTATGAAGACTACCACCACGGCAAT 

GATC 


P000730 


A 


Cmkbr7 


IM000682 


CCCTCTCAAGCCTTCGTTGTTACTTAGCCTCT 

ATAGGTCTGTGCATTATACCATCATTCTTTTA 

ATTTACAGCTAATATCCATTTATATATGATTAT 

GTACCATATTTGCCTTTTGGGGTCTGGATTG 

CCCTACTCAGGATGACCTTTTCTAGTTTGATC 


P000731 


D 




IM000683 


GATCATGATGTTTGTTGAAGCAACAGAAACT 

ATAAGACAGTGCCCAAGAGCCTCTCTGGAGA 

TAGCC 


P000732 


D 
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IM000684 


OA 1 Ub loll nbnv/MUnMO 1 MMbMnn 1 OMM I O 

AGTCTTCCTGAI MM 1 AAATTAACTTCTCCC 
CATATTGGCTGTCACTAC 1 1 I 1 IAAATCAGAA 
AGGAGAATCTGGACGGTTCCAGGCCTGCAG 
CGCCATGCTTGCAAAAGGTTTACAGAATCGC 
TCTGGACAACT 


p000734 


D 




IM000685 


CTACCACAGCATCTTTTGAGTGTATATAGTCA 

GTGTGCTACATGTTATCTATGAACATATGCAA 

ATGAGGTTTGAGAATTAAAGTTGCTGATAGA 

CTCATGGGTTAGGGGTTTGATTGCCTGCTAA 

TGATC 


P000735 


D 




IM000686 


GATCACGAAACGGTTGACTAAAGCAAGACTG 

AAC CACAGGCAGATACCAAACC CAAAGCTCT 

ATGTCTAGTGTCTAGAATACATAGGTTTGGG 

TAGCCATGCCCCTGTGACCCTGCCACCTGCA 

GCACACATAAGACAATACTATAGACAACCAC 

TTCTGAGTCAGAATTGCAATGATGTC 1 1 IGb 

CAAACTACTCTAGTCTCCTTTGGCCAGGAGC 

TGCTAAGTGGTTCAGGCTGAGGTACAATCAA 

CCTAGGTAGGTGGGACTGTGTGCCCCTGTG 

CTCCTGGGTGGCCTTCATGTCTGCTATGCTT 

GCCCTTT 


p000736 


D 


— 


IM000687 


GATCATGTCAACTATACCTGGACACGGACCT 

TCATC CTTGCTGGTTTCACTACCTCTGGC AC 

CCTGCAACATCTTGCAG 1 1 1 1 1 GGAACCCTG 

TGCATCTATCTCCTCACACTGGCAGGGAACT 

TGTTCATCATTGTCTTGGTCCAGGCAGATTC 

AGGGCTGTCCACTCCCATGTACTTCTTTATC 

AGTGTCCTCTCCTTCCTGGAACTCTGGTATG 

TCAGCACCACAGTGCCCACCTTGCTGCATAC 

C7TGCTCCATGGGCCTTCACCCATCCCCTCG 

TCTGCATGCTTTGTCCAGCTGTATGTCTTCCA 

CTCCTTGGGCATGACCGAGTGCTACCTGCTA 

GljTo TOA 1 1 O 1 oVpAUUoLr I AOu 1 1 1 A 

TCTGTCGTCCACTGCACTACCATGCACTCAT 

GAGCAGACAGGTACAGAAACAGTTAGTTGG 

GGTTACATGGTTGGCTGG1 TTTTCAGCTGCC 

TGGTGCCTGCAGGTCTCACTGCCTCTTTACC 

TTATTGTTTGAAAGAAGTGGCCCATTACTT 


P000737 


C 


— 


IM000688 


CTGTCAATTCATCCAGCTCTAGGCCGCTGTC 

TGGCTCGATGCTTATTGGTTTAACAGTGCCG 

ATGCATAGGATTCTACAGTCAGAGTGGCCTA 

AGCAACAGCTAAATATTGTTTTCTTGCTGTTC 

TGGGAACTAGATGTTCAAGGTCAAGGCGTCA 

GTAGCTCTGTTATGAGACCTCTCTGCTGTCG 

GGCTGTGTCTTCAAG 1 MM ICCCCCCTCTGT 

GCATGTGTGTTCCTATTTCCTCTGCATGAAA 

GACCAGTAGAGCCAAGTGGTGGCACACACC 

TTTGATC 


P000738 


D 
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IM000689 


GATCATGAGAGGCGAGAAACCCAGACATCT 

CTAACTCTTCTTGCCAACTCAGGAGCCACCT 

GTGGCCCCAGCTGGCCACCAGCCGTTCCTC 

CCTCAGAGGCCTCCATTTCCACAAAAGGCCT 

TCCTGGTTGTTCAGGACAGAGCCTGGTTTCC 

CTGATACCCCTTCTCTCAGTGGCCACTGAAG 

TTACAGGGATGCAGCCAGCCGTGGTTGCCA 

TGTCTGTATATGCTAATCTCCGAATTCCACTT 

CCTGTTTAGATTCTCAG 


p000739 


D 




IM000690 


GTTTGTCCGCATGAGTCCCAGGGACCACTCA 
GAGTGGCTGGCAGGCATTGTGGAGTGGAAT 
GTGGGAAGACACATTCCCAGCCTTGTTTGCA 
GCTTGGGACTGTCTGTGTTTTGGGATGATC 


P000740 


D 




IM000691 


GATCACCTGGGAAGGGGGAAAAGGACAAGT 
CTGAGCTCCCAGCCCACATTCTCCTAGGGTA 
GCAGCTCCCTCACTTAGTGT 


P000741 


D 




IM000692 


GATCAGTTCTTATTAAACAATACAGACTTAGG 

CAAAATGAGTCAGAAATAAGGATATCGCATA 

TCCCGAGACCATTTGAACTCTAAGAAGTATTT 

TCTATTATTAAAGTAGTTCACCAGGCAGTGG 

TGGCACACACCTTTAATCC CAGCACTCGGGA 

GGCAGAGGCAGGTGGATTTCTCAGTTTGAG 

GCCAGCCTGGTCTACAGAGTGAGTTCCAGG 

ACAGCCAGGGCTACACAGAGAAACCCTGTC 

TGGACAAACCAAAAAAAAAAAAAAAAAAAAA 

G 


p000744 


R 




IM000693 


GATCATCACAGATGACATAGAACCAAACTGT 
AACTTTCTAGACTACATGTAGCAGACATTT 


P000745 


D 


— 


IM000694 


GATCATACATGAATACAAGCAGGCTTCTGGT 
ATACTCTTAAGTTGAATTCTG 1 1 1 ICTGTAGT 
CGTAGTCTTGTC 1 1 1 ICCAGI 1 1 IAAATTCTA 
GAACAGGTATACTGTAGAGCACCCGCCTCC 
CCTTGCTCTGGAGGTAGGGTAGAGTGGGAG 
TTAAGGTCAGTTCC 


P000746 


B 


AA657028 


IM000695 


ATTTCTCTTGTAAAACTCACTTTCTGTTCACC 

CATTTTGTCTGTGTCCTTACTAAATTATTTCTA 

TATAGGAATCTTTGTATCTTCTGATATAAGCT 

AGCGCATGGGTACCACCAGCACCCAAGTCA 

TCTGCTGAGGTGCTTCTAACCTTGCTTGATT 

CAGTGTCTTCAACAGAAGGTGGAGTAAACAG 

GTCAI 1 1 1 r f ACCCTAGAGAGTTCAGATC 


p000748 


D 




IM000696 


GATCTCCGGGTGCCAGACTTGCCCAGCAAG 
CACTCTTACCTGCTGAGCCATCCTGAGGGCC 
TGGATTTAAAAAAAAAAAATATTGACATATTG 
TTC 


p000749 


D 
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IM000697 


GATCTCCTAAAACTCCCTGTGTCAGGAAACT 

TTCTGTGCTTTTGTATTGCGTTCCTGTGTTCG 

TGGAAGGCCCCCACGCCTTCATCCTTGCTAA 

TTC I I I 1 I GGATAGCTTGTTGCTTTAACTAGA 

TTGGCCCTTTCTTGGCTAGTA 1 1 1 ICTGCTGT 

ACCTATGAGTGGTGTGGGAGAACTGTGCAG 

ACTTCCAGGAAGCGCAGCCATGAAGCTACAT 

GTGCCTATGTGTAGACACATCATGGAI 1 1 ICT 

TACTAGTTTACTAGTGGGTGATAATCTGTCCT 

TTTGAGCTCTCCAGAACGTTCTAGAAGCTTA 

AGGAGAGAAATCACTTAAGAGAG 


P000752 


D 




IM000698 


ATCTGATAGTAAGTAAAAGGACAGCTAAAGA 

TGAAGGGAAAGCAGGAGAGTCCTGGAAGAA 

GAAACTAGTGTTTCTAAGAGTTCATCATTGAT 

AAAATGCAAAAGAAGTCAATTACATACATGTT 

TAGGAAACTGAATCCTCTTGI 1 1 1 GGGGGAT 

GTTTGTTTTGAGGCAAAGGCTCTCTTACAGA 

GCCCTGGCTGTTCTGGAGTTCTGTATATCAG 

GCTCTGGCCTCAAACTCAAGAGATC 


P000753 


D 




IM000699 


ACATCAAGAGGAAGTTGGAAATGTCATCTTT 

AGCTATCTTATATCCTGGTAGCTTTAAGATTT 

CCTTTGTGTGACTTTATAGTTCTCAAAATATT 

TTTAAGGGTCAGGGGAGGAAGCACTTTCAAG 

AAATGAGATGGGAGAGGGAATGTCTTTGTGT 

TGGCCTGGAGATC 


p000755 


D 




IM000700 


AGCTATACCTGAAATTTGGCCAAGAACAGAA 
GCTCAGGAAATAGTGTGATTTAAAAACCAAA 
ACCAATTTACAAAAGGAAGACTGTGGTGTAG 
ATC 


P000756 


D 


— 


IM000701 


CCACAACTGAAAGCAACACACACAGTATTTT 

TCTGTGGGl I I l AGGATGTATCCACACTCCC 

GAACTTCCTTTCCCTGAAGCACCCCTCAGTT 

TACTCTGAAGCATGGTTTGAGTCCCAAGGCC 

AGTGTCAACTTTCTGCCAAGTCTCAATGGCA 

AAAGTCTGTTTTAATCTGCTCAGGCTAATGTA 

GATC 


P000757 


D 


— 


IM000702 


C 1 1 CCAG 1 0 r 1 1 1 1 AGC 1 ATTTATTGATATGA 

ATTCCCTGCCTTATGTATCATCCAAGATTCTA 

CCTAAAATACTTCCAATAAGTATCAAGGACCA 

CTCAAATATTCACTATTGGACTTAGAAGCTCC 

ACTCTTAAAAATAGATTCTATAGAAAGAGCCT 

ACCATCACGCACACATGAACAAAGAAAAGGA 

GGAAATGGTGTTAAGAAAACTTACATCATACT 

ATTTAAAAATAAGGAGGAAGGAGGGAGGGA 

GAGAAAGAGAGAAAGCTCAATGCTTAGGCAA 

GAGTGCTTAAGAAAATTACAGTTAACAGATC 


P000758 


D 
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IM000703 


GATCTCCTAAAACTCCCTGTGTCAGGAAACT 

TTCTGTGCTTTTGTATTGCGTTCCTGTGTTCG 

TGGAAGGCCCCCACGCCTTCATCCTTGCTAA 

TTC I n rTGGATAGCTTGTTGCTTTAACTAGA 

TTGGCCCTTTCTTGGCTAGTATTTTCTGCTGT 

ACCTATGAGTGGTGTGGGAGAACTGTGCAG 

ACTTCCAGGAAGCGCAGCCATGAAGCTACAT 

GTGCCTATGT 


P000759 


D 




IM000704 


GATCTGAGTGCTGGGAACCAAACCTGGGTC 
CTCTGCAACAGTTTGTGCTCTTAGCTGCCGA 
GCTTT 


P000760 


R 




IM000705 


GTACGGCGATGGGCACAGGCTTCGGGACAG 

TCCGCGCGACGCTCAGGCGGACAACGGGA 

GGCGGGCGGGGAAGGCAGGGGCTGCAGTG 

TCAAGTCCCTGACCCGGGAGGCTCGGAAAC 

TTCACTGCCTCTGCGCATCCGGCATGGCCC 

CTCCCACTCGGACTTCGTCAAAAAACCGCCA 

CCGTGGAGTGTCCCAGTATGTGCGGTGTGG 

GACAAACTATCGCACTGTTGCCCTGGCTCTT 

CTCCTAGACCCCCTTTGTGAGCCAAAAGAGA 

AACGCTGGGCAGATC 


P000761 


B 


Mm.27393 


IM000706 


GATCTCGTTACGGATGGTTGTGAGCCACCAT 
GTGGTTGCTGGGATAA 


P000762 


R 




IM000707 


CTGGGTTG ACCTTAGAAAC GGGAGTTCATCT 

CCTCCAGCAGCTCCGGGAAGGAAGGTGAAG 

GGGACTAACCATGATGAGCTTTGCACACTGG 

ACTCAGGGCCTGAGAAGGGGCTGGAGGGA 

GGCAGGGAAGACATCCCTCACGGTAGTGTT 

ACACAGCTGGTGTTGCGGGCTGCCAGGGTA 

CTCATTTGAGTCCATGCTGAGTCTCTCGGTG 

CCTCCTGAGATC 


P000763 


K 


Gfi1 


IM000708 


GATCTCAGGAGGCACCGAGAGACTCAGCAT 

GGACTCAAATGAGTACCCTGGCAGCCCGCA 

ACACCAGCTGCGTAACACTACCGTGAGGGA 

TGTCTTCCCTGCCTCCCTCCAGCCCCTTCTC 

AGGCCCTGAGTCCAGTGTGCAAAGCTCATCA 

TGGTTAGTCCCCTTCACCTTCCTTCCCGGAG 

CTGCTGGAGGAGATGAACTCCCGTTTCTAAG 

GTCAACCCAGAGTGGGAACCGCAGCAGCAG 

CAGCAGTCGTCTGTGCTTTGGGCTTCCCTA 


P000764 


K 


Gfi1 
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